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CCORDING to the present most widely accepted view, the impulse to 
contraction in the human heart is conducted from the atria to the ventricles 
by way of a single muscular atrioventricular bundle (bundle of His) located at 
the cephalic end of the interventricular septum. The bundle originates in a dis- 
tinct atrioventricular node (node of Tawara) lying on the right side of the inter- 
atrial septum a short distance ventral to the coronary sinus. The atrioventricular 
node has a number of connections with myocardial fibers of the right atrium. 
The cardiac impulse is believed to originate in the sinoatrial node located at the 
junction of the superior vena cava and the right auricle. The atrioventricular 
bundle divides into two branches, right and left, which descend on the respective 
sides of the interventricular septum. The anatomic basis for this concept has 
been established through the studies of a number of investigators.'“* By analogy 
with what has been observed in sheep and bovine hearts, it is believed that each 
bundle branch forms a widespread subendocardial network in man, but this has 
not been demonstrated. In sheep and bovine hearts a tough sheath surrounds 
the atrioventricular bundle, and dye injected within the sheath passes out to the 
finest branches of the terminal network in the ventricles outlining a complex 
atrioventricular fiber system.**** In the human heart, however, there is no 
sheath about the atrioventricular bundle and heretofore, attempts at demon- 
stration by dye injection have failed. 
Glomset and Glomset***® and Glomset and Birge*® have questioned the 
entire concept of the muscular atrioventricular conduction system. Among the 
conclusions of these authors concerning the human heart are the following: 
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(1) the bundle of His is inconstant; (2) there are no muscular connections between 
the bundle of His and the right atrium; (3) the bundle of His does not bifurcate 
and, therefore, has no left branch; (4) there is no distinct node of Tawara; and 
(5) there are many atrioventricular connections in various regions of the heart. 
These authors find no anatomic basis for the myogenic theory of cardiac conduc- 
tion. They find a well-developed intrinsic nervous system in the heart which 
they believe must be taken into account for an understanding of cardiac con- 
duction. 


These conclusions require serious consideration. If they are correct, it 
becomes necessary to revise accepted physiologic concepts including much of 
the theoretical basis of electrocardiography and the interpretation of abnormal 
rhythms and heart block. In the present study these conclusions were not con- 
firmed, but instead the observations are in accord with the more generally ac- 
cepted view of the anatomy of the human atrioventricular node and the atrio- 
ventricular bundle and its branches. 


THE ‘“‘PURKINJE FIBERS’ AND METHODS OF STUDY 


In 1845, Purkinje*’ described distinctive fibers in the hearts of sheep and other 
animals. Compared with ordinary myocardium, these fibers are considerably 
larger, their myofibrils are much sparser, and the cross striations are less distinct. 
The nuclei lie within a prominent clear region of sarcoplasm and the myofibrils 
tend to be arranged near the periphery. Tawara’s great contribution’ was the 
demonstration that the bundle described by His and the fibers described by 
Purkinje were parts of a single atrioventricular system. He showed that the 
bundle of His divided into two branches, each of which could be followed a 
relatively long distance down the septum and which expanded into complex fiber 
networks, the components of which were histologically identical in some animals 
with the fibers described by Purkinje. It is important to point out that Tawara 
recognized substantial histologic differences between the component fibers of 
the atrioventricular systems of different animals. He found that the microscopic 
characteristics of the fibers of man and dog were quite different from those of 
sheep; that they were much less distinctive and more nearly resembled ordinary 
myocardium. 

Against this historical background it may be easier to evaluate two different 
methods that have been used to look for an anatomic basis for a myogenic con- 
duction system in man and to appreciate two different implications of the term, 
“Purkinje fiber." Some investigators have searched sections of various parts 
of the human heart for fibers with the microscopic characteristics of the fibers 
first seen by Purkinje in sheep.**** It is sometimes assumed that human con- 
ducting fibers must have this microscopic structure, and that all fibers with this 
structure are necessarily conduction fibers. From this point of view, the criterion 
for a ‘Purkinje fiber” is its microscopic appearance. 

A different method of study has been to identify the muscular atrioventricu- 
lar bridge in serial sections. Investigators who used this method*:’-!°*!23 agreed 
that in man there is an atrioventricular node and an atrioventricular bundle and 
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branches in exactly the same anatomic location and with the same anatomic 
relationships as in other animals. They observed, on the other hand, that the 
histologic structure of the components of this atrioventricular fiber system in 
man is generally quite different from that of the sheep. From this second point 
of view the term ‘Purkinje fiber’’ often refers to the fiber components of the 
muscular atrioventricular conduction system without any commitment regarding 
special microscopic structure. Investigators using this method of study accept 
the proposition that homologous structures may become histologically different 
in different animals and still serve similar functions. 

A recent study of the human moderator band** illustrates very well the 
difference between the two points of view. Since the course of the right bundle 
branch has previously been described along the moderator band, the authors 
sought here ‘Purkinje fibers’’ by microscopic criteria. They describe such 
fibers and state that there are numerous connections between them and adjacent 
myocardium. However, other investigators who have traced the human right 
branch in serial sections from the atrioventricular bundle state that its micro- 
scopic structure is indistinguishable from that of adjacent myocardium, and that 
it can be traced all the way to the base of the anterior papillary muscle of the 
right ventricle as a distinct muscle bundle without giving off any branches to 
adjacent myocardium.*!** Obviously the two groups of investigators are not 
describing the same thing. 

In the present study the method of serial sections was employed, for it 
seemed to be the most reliable method. In considering theories of conduction 
of the cardiac impulse the important question is whether a muscular bridge 
exists between atria and ventricles, without any prior assumptions concerning 
special structural characteristics of such a bridge. 


MATERIAL AND METHODS 


Microscopic Studies —The hearts of three adults and one newborn infant 
were studied. Except for slight to moderate coronary arteriosclerosis in the 
adult hearts, all four were anatomically normal. The electrocardiograms of two 
of the adults recorded shortly before death showed no conduction disturbances 
or other abnormalities. In the other two cases electrocardiograms were not 
obtained. 

Blocks were cut and numbered in sequence around the atrioventricular 
orifice. Each block consisted of the entire thickness of atrium (or interatrial 
septum) and ventricle (or interventricular septum) and included a portion of 
atrium above the fibrous atrioventricular ring and a portion of ventricle below 
the ring (except the blocks including the part of the mitral valve attached to the 
aorta, which, of course, contained no ventricular portion below). A small portion 
of valve was left attached to the atrioventricular junction. The plane of cutting 
Was approximately in a radius of the atrioventricular orifice and perpendicular 
to the atrioventricular ring. The sections were 10 microns thick and were stained 
by Masson's method,*® which differentiates connective tissue (stained blue) 
from muscle (stained pink to red). 
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From two of the adult hearts serial sections were prepared from blocks 
completely encircling both atrioventricular orifices. These included sections 
from the regions of the interatrial septum and the upper part of the interventricu- 
lar septum where the atrioventricular node, the bundle of His, and the origins 
of the bundle branches have been observed. The location of these structures is 
fully discussed and illustrated in the text to follow. From the third adult heart 
serial sections were prepared from blocks completely encircling the mitra! orifice, 
and, in addition, serial sections were prepared for location of the atrioventricular 
node, the bundle of His, and the origins of the bundle branches. Every tenth 
section of the series was mounted and studied. By every tenth section being 
mounted, the usual gap between studied sections was 0.09 millimeter. Some of 
the sections mounted were unsuitable for study, producing a number of larger 
gaps in the series. A single poor section between two good ones enlarged the gap 
to 0.19 mm.; two consecutive poor sections, to 0.29 mm.; and three consecutive 
poor sections, to 0.39 millimeter. There were a number of gaps 0.19 mm. thick 
in all three adult hearts. There was one gap 0.29 mm. thick in the heart in which 
the mitral ring was studied. In one of the hearts in which both rings were studied 
there were two gaps of 0.29 mm. and two others of 0.39 millimeter. 

From the heart of the newborn infant a series of sections was prepared 
for the study of the atrioventricular node, the atrioventricular bundle, and the 
origins of the bundle branches. In this series every section was mounted and 
studied. There were no gaps thicker than 30 microns. In addition, series in 
which each section was mounted and studied were prepared from a number of 


regions about both atrioventricular orifices, although these did not constitute 
complete series about either orifice. 


Macroscopic Studies.—Dissections of more than forty human hearts were 
carried out under a binocular dissecting microscope. A magnification of seven 
times was found to be very satisfactory; it provided adequate magnification and 
at the same time was not so great as to obscure relationships. Most of the 
hearts were examined after fixation in formalin, but a number also were examined 
unfixed soon after removal at autopsy. 


SERIAL SECTIONS OF THE ATRIOVENTRICULAR NODE (NODE OF TAWARA), THE 
ATRIOVENTRICULAR BUNDLE (BUNDLE OF HIs), AND THE ORIGINS 
OF THE BUNDLE BRANCHES 


The atrioventricular node appears as a distinct structure in microscopic 
sections (Figs. 1 and 3,4). It is a compact mass of interlacing, fine muscle 
fibers, the shape of an ovoid in cross section. It is found a short distance ventral 
to the coronary sinus and just above the attachment of the medial cusp of the 
tricuspid valve. One side of the node is separated from the endocardium of the 
right atrium by a thin layer of subendocardial atrial muscle and a variable amount 
of fat. The opposite side lies against the central fibrous body. The smallest 
dimension is between these two sides. The approximate maximum dimensions 
of the node in the three adult hearts are: dorsoventral, 3.6, 4.2, and 4.1 mm.; 
cephalocaudal, 4.0, 4.5, and 3.0 mm.; and thickness, 0.5, 1.0, and 0.75 millimeter. 
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The individual fibers of the atrioventricular node are thinner than the 
adjacent atrial fibers and stain slightly paler. The dense tangle of thin muscle 
fibers that constitutes the node is quite well demarcated from the surrounding 
looser arrangement of coarser atrial fibers. There are, however, in each case a 
number of connections of the atrial fibers with the fibers of the node (Figs. 1 
and 3,A). In one of the hearts these are mostly in the cephalic and dorsal parts 
of the node. In the other hearts in addition to connections in these locations 
there are also a number of connections on the side of the node beneath the endo- 
cardium and in the caudal part of the node. A large artery is seen in the nodes 
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Fig. 1.—Photomicrograph of section from normal heart of newborn infant (x 17.8), Masson stain. 
AVN, atrioventricular node (node of Tawara); CFB, central fibrous body; IVS, myocardium of inter- 
ventricular septum; LA, myocardium of left atrium; RA, myocardium of right atrium; TV, tricuspid 
valve. The connection of the node with the myocardial fibers of the right atrium is apparent. As 
in the other hearts studied, the structure designated here as atrioventricular node is seen to be con- 
tinuous in serial sections with a distinct atrioventricular bundle which divides into two branches (see 
Fig. 3). 
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of the adult hearts and just to one side of the node of the heart of the newborn 
infant. In the node of the latter in addition to interlacing fibers there are regions 
of compact cellular masses. 

The atrioventricular node is directly continuous ventrally with the bundle 
of His which can be traced section by section from the node through the central 
fibrous body and the membranous portion of the interventricular septum. The 
bundle lies in close association with the uppermost border of the muscular por- 
tion of the interventricular septum, although its exact relations vary somewhat 
in the different hearts (Fig. 2). In one adult heart the bundle, triangular in cross 
section, lies above the crest of the muscular portion of the interventricular sep- 
tum throughout its extent (Fig. 2,4). In the other two adult hearts and in the 
heart of the newborn infant the dorsal portion of the bundle lies above the crest 
of the septum, but the ventral portion comes to lie on the left side of the septum 
(Fig. 2,B). 

The shapes of the sections of the bundle vary in the different hearts and at 
different levels in the same heart. They are oval, roughly triangular, roughly 
quadrilateral, and entirely irregular. The intensity of staining of the bundle is 
slightly less than that of the adjacent myocardium. The individual fibers of the 
bundle are somewhat larger than those of the atrioventricular node but still 
smaller than the bulk of myocardial fibers forming the adjacent interventricular 
septum. There is a rapid transition from the interlacing network of the atrio- 
ventricular node to a more or less parallel arrangement of fibers in the bundle 
itself. 

The division of the bundle is clear in all four hearts. The three-dimensional 
image obtained from tracing the serial sections is much more convincing than the 
few illustrations that can be shown (Fig. 3). The left branch is given off as a thin 
sheet of fibers seen on edge in the sections (Figs. 2 and 3), and the right branch 
seems to be a continuation of the bundle itself (Fig. 3). In three of the hearts 
the bifurcation is very close to the crest of the muscular portion of the inter- 
ventricular septum, so that the branches descend immediately to the subendo- 
cardial regions of the respective sides of the septum. In one case, however, the 
bifurcation occurs on the left side of the septum some distance below the crest 
so that the right branch must penetrate a thickness of muscle in the upper part 
of the interventricular septum to reach its subendocardial position. 


In the heart of the newborn infant a small strand is given off from the bundle 
a short distance after its origin from the atrioventricular node and before the 
division of the bundle into left and right branches. This strand descends into 
the muscular portion of interventricular septum and soon joins septal myocardial 
fibers. Similar connections have previously been described." In the adult 
hearts small strands are given off from the atrioventricular bundle in a com- 
parable location, but these seem to end in the central fibrous body without joining 
septal myocardium. It must be remembered that in the adult hearts only every 
tenth section of the series was studied, and the possibility of fusion of these small 
strands with septal myocardium in locations between the studied sections cannot 
be definitely excluded. 
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Fig. 3.—A to F, Photomicrographs of representative sections from a consecutive series from a 
normal adult human heart (X 8.3), Masson stain. AC, cusp of aortic valve; AM, atrial myo- 
cardium; AVB, atrioventricular bundle (bundle of His); AVN, atrioventricular node (node of 
Tawara); CFB, central fibrous body; IVS, myocardium of interventricular septum; LB, left branch of 
bundle; MS, membranous portion of interventricular septum; RB, right branch of bundle; TV, tricuspid 
valve. There is direct continuity in the serial sections from atrioventricular node to atrioventricular 
bundle to bundle branches. The arrow in A points to connections of right atrial myocardium with the 
superior part of the atrioventricular node. The diagram shows the approximate levels of Sections 
A to F with reference to the atrioventricular node, the atrioventricular bundle, and the origins of the 
bundle branches seen from above. For orientation of the diagram in the heart, compare with Figs. 
4and 5. The distances of the sections from A are: B, 0.4 mm.; C, 0.8 mm.; D, 2.6 mm.; E, 5.1 mm.; 
and F, 8.6 millimeters. 
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The right branch can be traced section after section as a distinct muscle bundle. 
Soon after its origin from the bundle its fibers are indistinguishable on the basis of 
microscopic structure and staining characteristics from adjacent fibers of the 
interventricular septum. 

The intensity of staining and thickness of the individual fibers of the left 
branch vary considerably. Near its origin from the bundle some of its fibers 
are more slender and stain paler than the other fibers of the myocardium and 
resemble the fibers of the atrioventricular bundle. Other fibers stain more 
deeply and are larger, resembling septal myocardial fibers. Still other fibers are 
larger than the adjacent septal fibers and contain large, clear, unstained regions 
within which the nucleus may be situated. The latter fibers fit to a large extent 
the description given for the ‘Purkinje fibers” of sheep, but this microscopic 
picture is not limited to fibers of the left branch for it is occasionally observed 
in other myocardial fibers which have no connection with the atrioventricular 
bundle or its branches so far as can be determined in serial sections. The varia- 
tions in structure and staining within the left branch are sometimes observed 
along the length of a single muscle fiber. That is, a slender, paler-staining seg- 
ment of a fiber may become continuous with a larger, more deeply staining seg- 
ment; or a clear, unstained swelling appears in the course of a slender fiber. 
Sometimes a number of slender fibers fuse to form the large, clear segments. 


It has been suggested that some of the cytologic features observed are due 
to artefacts.** In the present study this factor cannot be evaluated since the 
hearts were obtained in the usual manner at post-mortem examination, and 
there was a delay up.to several hours between death and fixation of the organs. 


MACROSCOPIC STUDIES 


Some of the structures under discussion were demonstrated by naked-eye 
dissection by Retzer,? Keith and Flack,’ Curran,’ Robertson,” Holl,'’ Tandler," 
Walmsley,'’ Yater, Osterberg, and Hefke,*’ and Walls.2* De Gaetani' believed 
that the structures were inconstant. Holmes,'?’ Mahaim,*! and Evans*™ stated 
that naked-eye dissection was not possible. Yater,*° in order to obtain relatively 
fresh specimens for microchemical analysis, found it possible to dissect the 
atrioventricular bundle within a few minutes in a large percentage of the hearts 
of adults. In the present study, by dissections carried out under a binocular 
microscope at a magnification of seven times, the bundle of His and the right 
branch were demonstrated in thirty-five of forty consecutive attempts. These 
forty dissections were carried out after preliminary studies to establish relation- 
ships and technique. In most of these dissections the origin of the left branch 
and the site of bifurcation were demonstrated as well. 


The crucial landmark for dissection is the boundary between the mem- 
branous and muscular portions of the septum. A small segment of the medial 
cusp of the tricuspid valve must be removed to expose this region on the right 
side. On the left side this region is immediately below and between the posterior 
and right aortic cusps. 
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The Atrioventricular Bundle (Bundle of His).—The examination was usually 
begun on the right side. In some hearts the bundle may be seen without mag- 
nification and without dissection. It then appears as a whitish band in the lower 
part of the translucent membranous septum. In one heart it formed a round 
bulge in this region. Where the bundle is not immediately apparent the fibrous 
tissue at the boundary between membranous and muscular septa is carefully 
teased away. In most cases this exposes the bundle lying either entirely within 
the lower part of the membranous septum or partly in the membranous septum 
and partly on the muscular septum. 

Under the discussion of the serial sections the variability of the exact loca- 
tion of the bundle was described (Fig. 2). In the dissections a better appreciation 
of this variability is obtained. In some cases the bundle lies on the left side just 
beneath the crest of the muscular septum, so that the approach from the right 
side may fail to expose it. The bundle illustrated in Fig. 2,B is an example. 
While the bundle lies superficially beneath the endocardium of the left side of the 
septum it is below the membranous septum and separated from the endocardium 
of the right side of the septum by a considerable thickness of myocardium and 
fibrous connective tissue. In cases like this the bundle is revealed by teasing 
away the superficial tissue of the uppermost part of the left side of the muscular 
septum. 

Even when the bundle lies entirely within the membranous septum, the 
exposure from one side may be easier than from the other. The membranous 
septum varies considerably in thickness and is sometimes quite tough. In some 
cases the bundle is superficial on one side of a thick, tough, membranous septum, 
whereas exposure from the other side necessitates tearing away a considerable 
thickness of resistant fibrous tissue. It is advisable to examine both sides of the 
septum carefully and to proceed with the dissection cautiously until the most 
desirable approach is established. 

In both fixed and fresh hearts the bundle is paler than the adjacent mvo- 
cardium. In fixed hearts it is gray, white, or pale yellow, whereas in fresh hearts 
it often has a pale pink or violet hue. In some fresh hearts fine vessels may be 
seen to accompany the bundle. The commonest shape of the bundle is a more 
or less flat band with the thin dimension perpendicular to the face of the septum. 
Sometimes it is more rounded and thicker so that it would be oval on cross 
section. Occasionally it is roughly prismatic with one side lying on top of the 
muscular portion of the interventricular septum. The width of the bundle varies 
from approximately 0.7 to 3.5 mm., with an average of 1.8 millimeters. Since 
there is no sharp demarcation of the bundle where it blends with right atrial 
myocardium (see below), measurements of its length can only be approximate. 
Measured as well as possible from the most dorsal point where the bundle could 
be described as a distinct entity to the point of bifurcation (see below), the length 
of the atrioventricular bundle ranges between 7.0 and 15.0 mm., with an average 
of 11.3 millimeters. 

The bundle may be traced back dorsally through a variable extent of mem- 
branous septum and then through the central fibrous body, or it may be followed 
into the latter directly from the upper part of the muscular septum. The central 
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fibrous body is often very tough and almost cartilaginous. When the bundle is 
traced backward or dorsally in this manner it is seen that it definitely crosses the 
line of attachment of the medial cusp of the tricuspid valve and passes into the 
right atrium. To follow it further in the right atrium a thin covering layer of 
subendocardial atrial muscle must usually be removed. There may be some fat 
in this region. The bundle definitely blends with the right atrial tissue in the 
region just above the attachment of the medial cusp of the tricuspid valve and 
a short distance ventral to the coronary sinus (Fig. 4). 

The failure to demonstrate the atrioventricular bundle in a few of the dis- 
sections may be attributed to the inherent technical difficulties or possibly to 
unrecognized anatomic variations. Except for its possible rare absence as a 
congenital anomaly the bundle seems to be a constant structure. 


Fig. 4.—Photograph and labeled diagram of dissection of the atrioventricular bundle (bundle of 
His) and right branch of normal adult human heart (approximately xX *4). Looking into the right 
ventricle and facing the right side of the interventricular septum. ALS, anterior longitudinal sulcus; 
APLV, apex of left ventricle; APM, base of anterior papillary muscle or right ventricle; AVB, atrio- 
ventricular bundle (bundle of His); CS, orifice of coronary sinus; JAS, interatrial septum; MC, line of 
attachment of medial cusp of tricuspid valve: 44S, membranous portion of interventricular septum; 
PC, cusp of pulmonary valve; RB, right branch of atrioventricular bundle; TV, medial cusp of 
tricuspid valve. A part of the medial cusp of the tricuspid valve which covered the membranous 
septum and the bundle has been removed. 


The Atrioventricular Node (Node of Tawara).—Demonstration of the atrio- 
ventricular node as a structure with more or less clearly defined boundaries was 
possible in only a few dissections. The failure to demonstrate a sharply delimited 
node in most instances by the method of dissection used must be correlated with 
a study of the serial sections. It was demonstrated in the serial sections that 
when viewed in cross section the node appears as a distinct entity (Figs. 1 and 
3,A). In the dissection, however, one looks down on the subendocardial side 
of the node, and here apparently there is usually no sharp demarcation at the 
sites of blending with atrial muscle and bundle of His. This may be appreciated 
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io some extent by examining Fig. 1. If one imagines approaching this node 
from the endocardium by dissection, one can see how the subendocardial side of 
the node might be perfectly flush with adjacent atrial myocardium. The cir- 
cumscribed character of the node is more apparent in a plane perpendicular to 
that viewed in the dissection, a plane such as is illustrated in Figs. 1 and 3,A. 
The side of the node itself may be marred in being exposed, since in removing 
the subendocardial atrial muscle that covers it, connections between it and the 
subendocardial muscle must be torn. 


The Right Branch—The bundle can be traced ventrally directly into the 
right branch (Fig. 4). The latter may be followed in a curved course on the right 
side of the septum from its origin to the base of the anterior papillary muscle. 
The muscle of the septum along which the right branch runs is often raised into 
a ridge of variable prominence which is known as the septal trabecula or moder- 
ator band. The proximal portion of the right branch is usually immediately 
subendocardial. After a short distance it gradually comes to lie deeper in the 
myocardium. The most distal visible portion becomes superficial again near the 
base of the anterior papillary muscle and frequently widens and fans out. Like 
the bundle, the right branch is paler than the adjacent myocardium. It often 
looks very much like a fine nerve after it is exposed by dissection. The bundle 
and right branch were always visible to the naked eye after exposure. In some 
cases, however, they were extremely thin, particularly the right branch, and in 
these cases it is doubtful if exposure would have been possible by dissection 
without magnification. 

The proximal part of the right branch and the most distal part grossly de- 
monstrable are often visible without magnification and without dissection. From 
1.5 to 2.9 mm. of the distal part was visible in various hearts where it appeared 
as a thin, gray subendocardial band or streak passing toward the base of the 
anterior papillary muscle. In one heart the entire right branch was visible with- 
out magnification and without dissection. 

In most cases the right branch is given off from the bundle near the crest 
of the muscular septum and comes to lie subendocardially immediately. How- 
ever, in a few instances in which the bundle lay on the left side of the septum 
and the bifurcation was below the crest of the septum, the right branch had to be 
traced through the muscle of the upper part of the interventricular septum. 

The right branch is usually a more or less rounded, narrow band with the 
cross section of a flattened oval or circle. In some of the hearts the distal part 
of the right branch was inadvertently cut by the pathologist in opening the heart, 
and in these hearts the branch can usually be followed to the cut end. In practi- 
cally all of the remaining hearts in which the branch had not been cut it can be 
followed as far as the base of the anterior papillary muscle where it can be traced 
no farther. In the latter hearts the distance that the right branch can be fol- 
lowed from the point of bifurcation of the atrioventricular bundle (see below) 
ranges from 23.0 to 50.0 mm., with an average of 38.9 millimeters. The width of 
the right branch varies from approximately 0.3 to 2.7 mm., with an average of 
1.0 millimeter. Usually the branch is wider at its origin and then narrows down. 
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Sometimes the terminal visible portion at the base of the anterior papillary muscle 
widens out again. 


The Left Branch and the Bifurcation.—The dissection of the bifurcation and 
the beginning of the left branch is best carried out after the bundle of His and 
the right branch have been exposed. The best approach is from above. The 
structures above the bundle are carefully cut away, and the septum is mounted 
under the microscope in such a way that one is looking down on the crest of the 
septum. If the tissue on the left side of the bundle is now carefully teased away 
from above downward, it can be demonstrated in most cases that the bundle 
sends off a series of fibers or a very thin sheet of muscle to the left side of the 
septum. When the dissection is successfully carried far enough ventrally along 
the upper part of the septum a distinct inverted V can be made out, one arm of 
which is formed by the right branch and the other by the ventral margin of the 
left branch (Fig. 5). The apex of the V was taken as the point of bifurcation in 
measuring the lengths of the bundle of His and of the right branch. Actually, 
fibers of the left branch are given off for some distance dorsal to this point, in 
one case over a distance of as much as 9.0 millimeters. The V is usually near 
the ventral margin of the membranous portion of the interventricular septum. 

While the origin of the left branch is quite distinct and the branch could be 
followed for a short distance, it was not possible to dissect it very far down the 
septum without tearing it. The left branch is thinner than the right. Its fibers 
are intimately connected with the endocardium, and they tear easily when an 
attempt is made to separate them from the endocardium. It was not possible 
to expose the entire left bundle branch and its divisions as illustrated in one of the 
standard anatomy texts. 


THE QUESTION OF ACCESSORY ATRIOVENTRICULAR MUSCULAR CONNECTIONS 


At the height of the controversy between the proponents of the neurogenic 
and the myogenic theories at the end of the last century, Kent's study on atrio- 
ventricular muscular connections in mammalian hearts appeared.“* It was the 
first demonstration of such connections and described them in several regions 
of the hearts of various newborn and older animals. His,’ in a study which 
appeared immediately following that of Kent in the same year, described and 
localized the single atrioventricular muscular bundle which now bears his name. 
Kent maintained in later papers that the concept of a single atrioventricular 
connection was erroneous, that there were other atrioventricular connections 
besides the bundle of His, and that, in particular, there was one in the right 
lateral portion of the human heart.“*-8 The latter has become known as the 
bundle of Kent. Other investigators have stated also that there are multiple 
atrioventricular connections.***3 

A thorough search for atrioventricular muscular connections requires the 
study of large numbers of serial sections. Three such detailed studies have 
recently been made of human hearts in cases in which the electrocardiogram 
showed the syndrome of anomalous atrioventricular excitation (Wolff-Parkinson- 
White syndrome). In one case Wood, Wolferth, and Geckeler* found several 
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atrioventricular connections in the general region designated by Kent. In the 
second case, Oehnell* found no muscular connections between the right atrium 
and right ventricle, but did locate an atrioventricular bundle in the posterior 
wall of the heart connecting the left atrium and left ventricle. In the third case, 
Deerhake, Kimball, Burch, and Henthorne*’ found one connection on the right 
side of the heart and one on the left. 


Fig. 5.—Photograph of dissection of atrioventricular bundle (bundle of His) and its bifurcation, 
normal adult human heart, (approximately x 4). Looking down on the crest of the interventricular 
septum. The structures above the crest of the septum have been removed. AVB, atrioventricular 
bundle (bundle of His); CFB, central fibrous body; JAS, interatrial septum; LB, left branch of atrio- 
ventricular bundle; LIVS, left side of interventricular septum; RB, right branch of atrioventricular 
bundle; 7'V, medial cusp of tricuspid valve. 


In the present investigation the atrioventricular junctions of four normal 
human hearts were carefully searched by serial sections, in two of the hearts 
completely around both atrioventricular orifices, in a third completely around 
the mitral orifice, and in a fourth in a number of regions about both atrioventricu- 
lar orifices. In none of the hearts were any muscular atrioventricular connections 
found other than the bundle of His. The atrial and ventricular muscle fibers are 
sometimes very close to each other at the atrioventricular junction, but they are 


; 
a 
IAS 
¥ 
‘ T V 4 Ve 
‘mn 


864 AMERICAN HEART JOURNAL 


always separated by a layer of fibrous tissue of varying thickness, and careful 
study of serial sections reveals no continuity of muscle fibers from atrium to 
ventricle. It is possible that by studying only every tenth section in the adult 
hearts some small connections were overlooked. It is possible, also, that be- 
cause of scattered, unsatisfactory sections in both the adult and the newborn 
hearts such small connections were overlooked. Nevertheless, in the thousands 
of sections studied no evidence of accessory muscular connections was found. 


Anomalous Atrioventricular Excitation (Wolff-Parkinson-White Syndrome) .— 
These observations may have some bearing on one of the hypotheses which has 
been advanced to explain the syndrome of anomalous atrioventricular excitation 
(Wolff-Parkinson-White syndrome). It has been postulated that this syndrome 
arises from the existence of anomalous atrioventricular muscular pathways 
through which premature excitation of the ventricle occurs.** While such con- 
nections have been histologically demonstrated in a few cases of this syn- 
drome,*-**-7 it has not been entirely clear whether such connections exist also 
in the hearts of individuals with normal atrioventricular conduction. If these 
connections are found to be absent in most normal human hearts, then a normal 
control for the hypothesis will be available. The presence of accessory con- 
nections in the cases of anomalous atrioventricular excitation would then assume 
added importance. 

To be sure, the hypothesis is still tenable if accessory atrioventricular con- 
nections are found more frequently than only in cases of the Wolff-Parkinson- 
White syndrome, provided that the connections are always found with the 
syndrome. It may be maintained that the accessory pathways are necessary to 
produce the syndrome, but that they do not always function, and that their mere 
presence, therefore, does not insure the existence of anomalous atrioventricular 
conduction. The hypothesis must, in fact, postulate that the pathways sometimes 
do not function since in individuals with the Wolff-Parkinson-White syndrome, 
anomalous conduction may be apparent only at times, and at other times con- 
duction may be normal. Admittedly, however, the hypothesis would be more 
convincing if the anomalous connections were absent in most normal hearts and 
were invariably associated with the syndrome. Much further investigation will 
be required to determine whether or not this is so. 

Another type of possible accessory pathway which may conceivably be in- 
volved in anomalous atrioventricular excitation is one from the atrioventricular 
node or bundle directly to septal myocardium, by-passing the main bundle 
branches. Such connections were observed by Mahaim* and by Robb and 
Turman,® and one was present in the heart of the newborn infant reported here. 
How frequent such connections are and what their significance is requires much 
further investigation. They have not been mentioned in the few cases of anoma- 
lous atrioventricular excitation in which histologic studies were carried out. 


Nerve Elements.—In many regions widely distributed about both atrio- 
ventricular rings, nerve ganglion cells and nerves were observed at the atrio- 
ventricular junction. The extrinsic and intrinsic nerve supplies of the hearts of 
man and other animals have been studied by several investigators.” **.8 By 
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suitable techniques some of these investigators traced nerve endings to myo- 
cardial fibers as well as to the sinoatrial node, the atrioventricular node, and the 
bundle of His. The nervous influence on atrioventricular conduction, particu- 
larly the vagal influence, is very well known, and the demonstrated nerve endings 
in the nodes and bundle have generally been regarded as serving the function of 
modifying the activity of the muscular atrioventricular conduction system. 


It is not within the scope of this paper to consider the experimental and 
pathologic evidence for and against the myogenic and neurogenic theories of 
cardiac conduction. The object of this study has been simply to examine the 
contention that there is no anatomic basis for the myogenic theory.* Evidence 
has been presented which corroborates the opinion of most students of the subject 
that there is a sound anatomic basis for the myogenic theory of atrioventricular 
conduction. 


SUMMARY AND CONCLUSIONS 


1. The widely accepted concept of the atrioventricular muscular conduc- 
tion system of the human heart has recently been challenged. The present 
microscopic and macroscopic studies do not confirm the anatomic observations 
on which the criticism is based. 

2. As has been demonstrated by previous investigators, there is normally 
a constant atrioventricular muscular bundle (bundle of His) located at the cephalic 
end of the interventricular septum which originates in a distinct atrioventricular 
node (node of Tawara) and divides into left and right bundle branches. The 
atrioventricular node has a number of connections with atrial muscle. These 
relations are described and illustrated. 

3. A systematic search in a few normal hearts fails to reveal any atrio- 
ventricular muscular connections other than the bundle of His. 

4. The syndrome of anomalous atrioventricular excitation (Wolff-Parkin- 
son-White syndrome) has been explained by the existence of accessory atrio- 
ventricular muscular connections through which premature ventricular excita- 
tion occurs. This hypothesis has been supported by the histologic demonstration 
of such connections in a few cases, but there is inadequate information about 
normal hearts for comparison. 

5. Another type of possible accessory muscular pathway was observed in 
the heart of a newborn infant leading from the bundle of His directly to septal 
myocardium and by-passing the main bundle branches. Such muscular connec- 
tions have been previously described in studies of random hearts. They have not 
been mentioned in the few cases of anomalous atrioventricular excitation in which 
histologic studies were carried out, and their significance requires further in- 
vestigation. 


The author is greatly indebted to Dr. Wallace M. Yater for valuable advice and criticism. 


The microscopic sections were prepared by Miss Mollie L. Hill. The photomicrographs 
were made by Mr. Roy M. Reeve of the Army Institute of Pathology and by Mr. J. G. Nale-Povic 
and Mr. Victor R. Landi of the Medical Illustration Laboratory, Veterans Administration Hos- 
pital, Washington, D. C. 
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EXPERIMENTAL STUDIES ON THE VALIDITY OF THE CENTRAL 
TERMINAL OF WILSON AS AN INDIFFERENT 
REFERENCE POINT 


M. Dotain, M.D., S. Grau, M.D., L. N. Katz, M.D. 
CuHicaco, ILL. 


HE central terminal method of Wilson' has been the most widely discussed 
means to free the precordial electrocardiogram from the electrical influence 
of the “‘indifferent’’ electrode when the latter is placed on one of the extremities. 
Universal acceptance of this method, however, has been withheld because its 
validity is based, in turn, on the validity of the classical Einthoven equilateral 
triangle hypothesis.» There can be no disagreement with the electrical scheme 
of Wilson (based on Kirchhoff's law) in so far as it results in a common terminus, 
the potential of which is equal to the algebraic mean of the potentials of the right 
arm, left arm, and left leg. However, the central terminal becomes a truly 
indifferent reference point (zero potential) only when the sum of the potentials 
of the right arm, left arm, and left leg (the apices of the triangle) is equal to zero.' 
When the assumptions underlying the Einthoven theory are accepted without 
reservation, it can be shown mathematically that the sum of the potentials 
of the right arm, left arm, and left leg does equal zero.* It has been recognized by 
Einthoven,‘ as well as his more recent exponents,** that these assumptions were 
only ‘first approximations of the truth.’’"® It has been necessary, therefore, to 
subject both the Einthoven hypothesis and its practical application to experi- 
mental analysis in order to determine the magnitude of the error involved in 
the basic assumptions. 

The studies designed to determine the validity of the Wilson central terminal 
as a truly indifferent reference point may be divided into two main categories: 
(1) experiments testing the accuracy of the Einthoven equilateral triangle hypo- 
thesis, its individual assumptions or the theory as a whole, and (2) experiments 
determining the potential of the central terminal directly by comparing it with 
reference points which were considered to be truly indifferent (zero potential) 
by construction. These studies have been recently reviewed in part by Wilson 
and his associates’ and may be interpreted briefly as follows: 

1. The original Einthoven assumption that the heart may be considered 
electrically equivalent to a small dipole has been modified in the sense that a 
battery analogy would be more in accord with the facts and would avoid over- 
simplification.7:’5 This modification does not compromise the original theory 
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since in either case, at any instant, the algebraic sum of the differences in potential 
existing in the heart can be treated as a vector and projected on the frontal plane 
of the body. The experiments which have attempted to determine whether or 
not the body may be considered a homogeneous volume conductor have yielded 
conflicting results.°"© The anatomic assumptions of the Einthoven theory in- 
volve an obvious and variable error,®:'? the magnitude of which has not been 
directly determined. The results of experiments examining the Einthoven 
theory as a whole have been more uniform in indicating that a reasonably close 
agreement exists between the observed facts and the predictions of the theory.®:'8 
However, here, too, there is difference of opinion.!* *° 

2. The direct measurements of the potential of the central terminal are of 
greater and more immediate interest since they determine the error of a method, 
the theoretical background of which is only approximately sound. The prin- 
cipal of these experiments has been the comparison of the difference in potential 
between fixed points on the body surface and the Wilson central terminal, on 
the one hand, and a reference point considered to be truly indifferent by con- 
struction, on the other. In addition, measurements have been made of the differ- 
ence in potential between the Wilson central terminal and the truly indifferent 
reference point. In three of these experiments,®*! the subjects were immersed 
in water (distilled, tap, or lake). Eckey and Frohlich! and Burger® used the 
bounding metal screen as the reference point of zero potential, whereas Wilson® 
placed his indifferent electrode in the lake water eleven feet from the immersed 
subject. The validity of these experiments in providing truly indifferent reference 
points has been discussed at length by Wilson® and by Wolferth and Livezey?’ 
and need not be reviewed here except by comment that while these reference 
points may not necessarily be at zero potential, they are sufficiently indifferent, 
especially when the reference electrode is placed at a relatively great distance 
from the heart. Viana** studied this problem by constructing a large equilateral 
triangle and placing the subject in the center. The triangle and subject (rabbit 
and man) were placed on moist ground and wires were led to a common 
terminus from three electrodes imbedded in the ground at the apices of the 
triangle. This terminus was used as the indifferent reference point. The results 
of these experiments have shown, with one exception, that: (1) The difference 
in potential between fixed points on the body surface and the indifferent refer- 
ence point was greater than the difference in potential between the Wilson central 
terminal and the indifferent reference point. (2) The potential of the Wilson 
central terminal (when paired to the indifferent reference point) was not consist- 
ently zero, but ranged from 0.15 to 0.36 millivolt. In the single experiment 
which Wilson performed,’ the difference in potential between the left leg and the 
indifferent reference point in the lake was less than the difference in potential 
between the central terminal and the distant reference point. This indicated 
that in this subject the left leg was more indifferent than the Wilson central 
terminal. This may have been a rare phenomenon as was suggested,® but if it 
were to occur sufficiently frequently, it would obviously destroy the purported 
advantage of the central terminal over the extremities as the ideal location 
for the distant electrode. The observation of Wilson has prompted us to re- 
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examine experimentally the validity of the central terminal as a null reference 
point. The experiments to be described are modifications of the immersion 
studies which have been referred to.®?!:* 


MATERIAL AND METHOD (Illustrated in Fig. 1) 


Normal adult men were placed in a tile-lined indoor swimming pool, 75 
feet by 24 feet, containing chlorinated tap water (0.86 parts per million). The 
subjects were upright and immersed to such a depth that the water level reached 
to, and included the chin or lips. The subjects could be so positioned that they 
were approximately equidistant from the two ends and from the two sides of the 
pool. An equilateral triangle, each side of which was ten feet long, was built 
of three narrow planks of light wood. <A ten-foot length of No. 18 braided copper 
wire, insulated except at its ends, was fixed with adhesive tape at each apex 
of the wooden triangle so that eighteen inches of wire were suspended directly 
into the water below its surface. To the tip of each of the immersed wires 
was attached a German silver electrode measuring 2 inches by 1.5 inches (£). 
These three submerged electrodes formed the apices of a horizontal equilateral 
triangle (KEE) eighteen inches below the surface of the water, each side of which 
was ten feet long and the plane of which passed approximately through the apex 
of the heart. The free ends of the three wires were joined and inserted into one 
post of a double binding post electrode (CT,). The other binding post of C7, 
was used whenever this external central terminal was connected to the electro- 
cardiograph. The terminal C7, was taped in place on a small block of wood 
encased in rubber sheeting which, in turn, was fixed in place on one of the sides 
of the wooden triangle. This arrangement prevented immersion of the terminal. 
The wooden triangle was floated into position so that its apices were equidistant 
from the centrally placed subject and anchored with lengths of thin cord to fixed 
objects on the sides of the pool. Each apex of the triangle was approximately 
seven feet from the nearest side of the pool. Throughout the experiments the 
central position of the subject was checked closely. 


A plank of wood approximately one foot wide and eight feet long was arranged 
at one side of the pool in the form of a diving board which extended out to and 
faced the subject. The segment which rested on the side of the pool was held in 
place with the electrocardiograph (ECG). To the end of the segment extending 
over the water was fixed a specially constructed junction box (JB) to which was 
connected the patient lead wire cable (PLW). A chest lead wire (CLW) fifteen 
feet long was inserted into a separate binding post on the junction box.* When 
properly connected, this long chest lead wire substituted for the ordinary chest 
lead wire on the patient lead wire cable and could also be used ([Pz) to connect 
a distant point E’ (consisting of a German silver electrode like those forming the 
equilateral triangle, EEE in the pool) with the electrocardiograph. <A long wire 
also attached to the junction box was suspended on the surface of the water 
ten to thirteen feet from the subject and served as a ground wire (GW), being 


*We are indebted to Dr. A. Miller of the Sanborn Co., Cambridge, Mass., for his advice on the 
construction of the special equipment used in these experiments. 
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Fig. 1.—A diagrammatic representation of the arrangements and equipment used in the experiments. Discussed in text. 
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connected to a ground electrode 'E’. The junction box was connected by an 
extension cable to a standard lead selector switch box (LSS) on the side of the 
pool; this switch was connected, in turn, to a vacuum tube amplifier type of 
electrocardiograph (Sanborn) in the usual manner. A switch on the instrument 
panel of the electrocardiograph facilitated reversal of polarity without the need 
for changing the actual wire connections in the machine. Two electrodes 
each were placed on the right arm, left arm, and left leg of the subject. A per- 
forated rubber belt (RB) was placed around the chest of the subject allowing 
two chest electrodes to remain fixed in place without manual aid. One electrode 
was located in the fourth intercostal space just to the left of the sternum (which 
we labelled C,) and the other was located in the left anterior axillary line at the 
same horizontal level as the first chest electrode (labelled C,). Once immersed, 
the subject accomplished all changes in the location of the lead wires without 
assistance. Electrocardiographic records were also obtained when the subjects 
were on land at the usual standardization (1 mv. equals 1 cm. deflection). Rec- 
ords with the subjects immersed in the pool were taken at the maximum sensi- 
tivity of the machine (1 mv. equals 2 cm. deflection). 

The following leads were recorded in each experiment and are so labelled in 
Figs. 2 to 4: 


I. Before immersion; labelled Z for land, (subject standing) 


A. Standard limb leads I, II, III 

B. Extremity leads 
1. Right arm (RA) minus Wilson central terminal (CT wy) 
2. Left arm (LA) minus CTy 
3. Left leg (LL) minus CTy* 


Precordial leads 
1. Chest electrode at fourth left parasternal intercostal space (C4) 
a. C, minus RA 
b. minus LA 
ce. C, minus LL 
d. C, minus CTyt 


2. Chest electrode at left anterior axillary line (C)) 
a. C, minus RA 
b. Cy, minus LA 
c. Cy, minus LL 
d. Cy, minus CTyt 


Il. During immersion; labelled W for water, (subject standing): 


A. Standard limb leads I, II, III 
B. Extremity leads 

1. RA minus CTy 

2. LA minus CTy 


*I, B 1, 2, and 3 are, respectively, Vr, Vi, and Vr. 
iI, C 1 a, b, ec, and d and I, C 2 a, b, ¢, and d are, respectively, Cr, C1, Cr, and V leads. 
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3. LL minus CTy 
4. RA minus constructed external central terminal (CT ;) 
5. LA minus CT; 
6. LL minus CT; 


C. Precordial leads 


1. Chest electrode at Position C, 


C, minus RA 
C, minus LA 
C, minus LL 
C, minus CTy 
C, minus CT; 


Chest electrode at Position C, 


C, minus RA 
C,, minus LA 
C, minus LL 
C, minus CTy 
Cy, minus CT; 


D. CTy minus CT; 


In four experiments the long chest lead wire was fixed in place in the water 
thirteen to fourteen feet from the subject, connected with a submerged electrode, 
and was then considered as an external indifferent reference point (IP). The 
water depth at Point IP, was three to four feet and the electrode was suspended 
one foot below the surface. In these four experiments the following additional 
leads were taken with the subject still immersed: 


RA minus IP; 
LA minus 
LL minus IP; 
C, minus IP; 
C, minus IP; 
CTy minus IP; 


RESULTS 


Nine experiments were performed. It was necessary to discard two of these 
because of somatic tremors, alternating current, and other artefacts. The re- 
sults presented are based on the remaining seven experiments. The short cir- 
cuiting effect of the water caused marked reduction of the amplitude of the de- 
flections so that even with double standardization the deflections in water were 
about 20 to 30 per cent of their size on land. A complete experiment is repro- 
duced in Fig. 2. The marked shunting effect encountered in water is exemplified 
in Fig. 2,A. 
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The results may be summarized under five headings: 

1. The difference in potential between any of the three extremities and 
either the external central terminal or the external indifferent reference point 
in the water was greater in all experiments than the difference in potential 
between the Wilson central terminal and either of these reference points (Fig. 
2,B). Hence, on the basis of these experiments, the potential of the Wilson 


33253963 


Fig. 2.—An example of a complete experiment. The symbols used are explained in the text. 

A, The vertical columns L and W indicate the records taken, respectively, on land and water. 
Each lead is identified by symbols at the top of the segments of the record. However, in the case of 
the chest leads, the chest position is indicated at the left of the row of strips and the reference point at 
the top of the vertical column. In spite of a standardization of 1 mv. = 2 cm. when the subject was 
immersed, the amplitude of the deflections is much smaller than before immersion with a standardiza- 
tion of 1 mv. = 1 cm. 

B, The lead connection of each lead shown is identified by the lettering at the left of each hori- 
zontal row and the heading of each vertical column. The difference in potential between each ex- 
tremity and either external reference point is greater than the difference in potential between the re- 
spective external reference point and the Wilson central terminal. In this case, Lead LA — CT, 
resembles CT y — CT, more closely than RA — CT, and LL —CTy. This figure also illustrates the 
deflections obtained when each of the two chest positions (Ca and Co) was paired, in turn, with CTy, 
IP,, CTy. These three reference points gave practically identical records. (W) in the third vertical 
column indicates that the records in this column were taken when the subject was immersed. Dis- 


cussed in text. 


L Ww L 
RA-CTy LA-CTy LL-CTy 
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central terminal must be considered more nearly like that of the null reference 
points than that of any extremity. Similarly, the Wilson central terminal must 
be considered more indifferent than the right arm, left arm, or left leg. In no 
instance did we observe a smaller potential difference between any extremity 
and the external central terminal than between this central terminal and the 
Wilson central terminal. The same results were obtained when IPs was used 
as the indifferent reference point. 


LA 
LL 


j 


Fig. 2. (Cont’d).—See opposite page for legend. 


2. In two experiments there was no recorded difference in potential between 
the Wilson central terminal and the external central terminal (Fig. 4,4). In the 
remainder there was a small difference of potential, the Wilson central terminal 
being slightly negative in relation to the external central terminal in all but one 
experiment (Figs. 2,B and 4,B and C). 

3. In the electrocardiograms which showed small deflections when the 
left arm was paired with the external central terminal and relatively tall upright 
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Fig. 3.—Two additional examples of the potential difference obtained when each of the three ex- 
tremities was paired, in turn, with CT,, IP,, and CTy. The symbols used are explained in the text. 
(W) and (L) in the third and fourth vertical columns represent, respectively, the extremity leads taken 
in water and on land. The latter records are shown for comparison with the former. 

A, The Wilson central terminal is slightly negative to each external reference point. The difference 
in potential between LA and CTy or either external reference point resembles the potential difference 
between CT y and either external reference point more closely than does the difference in potential be- 
tween RA or LL and these points. 

B, The Wilson central terminal is at the same potential as each of the external reference points. 
The potentials of LA and LL are approximately the same and more like that of CTy than RA. (W) 


means subject immersed; (L), subject on land. Discussed in text. 
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deflections when the left leg was paired with the external central terminal, 
|. A—CTz, more closely resembled, but was not identical to, the potential difference 
between the Wilson central terminal and the external central terminal than did 
either of the other extremity leads, RA—CT, and LL—CTzg, (Fig. 3,4). In the 
electrocardiograms which showed small upright deflections in both LA—CT,; 
and LL—CTg, either LL—CT,; or both LL—CT,; and LA—CT, resembled 
CTw-CTg¢ (Fig. 3,B). Similar results were obtained when IP; was used as the 
indifferent point. Hence, as would be expected, the potentials of the extremities 
vary with the direction of spread of the impulse in the heart and the position of 
the heart in the thorax, and, depending on this position, the left arm or left leg 
may, at times, have potentials which are almost as small as those of the Wilson 
central terminal. 


Fig. 4.—Three experiments in which the Wilson central terminal was paired, in turn, to the ex- 
ternal central terminal (CTE) and the distant reference point (JPz£). In A, the two external reference 
points have the same potential as the Wilson central terminal. In B and C, the two external reference 
points have potentials different from each other and from that of the Wilson central terminal. Dis- 
cussed in test. 


4. The deflections obtained by pairing each of the two fixed points on the 
chest with either the external central terminal (CT;) or with the indifferent point 
in the water (IP_) were identical to those obtained when these fixed points were 
paired with the Wilson central terminal. Similar results were also observed when 
the extremity leads were taken in the same manner. When slight differences 
existed they could be explained on the basis of the small potential of the Wilson 
terminal (Fig. 2,B). Precordial positions were selected in order to obtain larger 
deflections. 

5. In four experiments it was possible to compare the potentials of the two 
indifferent points (CT; and IP_) by pairing each with CTy. In one experiment 
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both the external central terminal and the distant point in the water were at 
the same potential as the Wilson central terminal (Fig. 4,4). In three experi- 
ments a small difference was observed between CTyw—CT,_ and CTy—IPx, 
indicating that the two indifferent points were not constantly at the same potential 
(Fig. 4,B and C). Nevertheless, regardless of the type of reference point used 
(CT, or IPg), the potential of the Wilson central terminal was always more 
nearly like that of the reference point than the potential of any extremity (Fig.2,B). 


COMMENT 


The principal limitation to the quantitative analysis of our data was the 
small size of the deflections resulting from the short circuiting effect of the water. 
It was felt that actual measurements of these small deflections would involve 
an error probably sufficiently large to invalidate the measurements themselves. 
Consequently, no quantitative data are given and no specific values are assigned 
to the potential variations of the Wilson central terminal when it was paired to 
external reference points. Nevertheless, qualitatively, the electrocardiograms 
can be interpreted without difficulty. The opinions of several independent 
observers who inspected the records were identical. We feel, therefore, that the 
results given are justified, especially since they represent some departure from 
previous views of the department from which this study comes. 


As to the validity of the conclusion that the Wilson central terminal in these 
experiments was consistently more indifferent than any of the fixed points on the 
body surface, it is necessary to comment on the external central terminal (CT) 
which we used as the ultimate null reference point. It is apparent that our 
equilateral triangle was constructed in the horizontal plane of the body, whereas 
strict electrophysical theory would demand that the triangle lie in the same 
plane as the vector which expresses the heart’s mean electromotive force. This 
plane forms an angle with the horizontal as well as the frontal planes of the body. 
Nor can we assume any strictly constant relationship between these two planes 
in view of the differences in position of the heart from subject to subject. Further- 
more, the plane of our equilateral triangle did not divide the conducting medium 
(water) into two identical parts any more than does the Einthoven triangle in 
the frontal plane divide the body into two equal parts. However, as Wilson has 
pointed out,® the magnitude of the errors involved in these spatial arrangements 
decreases as the distance of the apices of the triangle from the heart increases. 
It is on the basis of the great distance of these apices from the heart that we, and 
presumably Viana,”* considered the central terminal formed from the large ex- 
ternal equilateral triangle as a valid indifferent reference point. We do not 
claim that the potential of our external central terminal is necessarily zero, but 
only that it is smaller than the potential of points on the body surface. The 
fact that similar results were obtained when our reference point was at a great 
distance from the heart, and not dependent on the position of the plane of the 
triangle, fortifies this view. 


The results of our experiments confirm the work of previous investigators. 
It may be concluded, therefore, that the Wilson central terminal, while not con- 
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stantly at zero potential, is consistently more indifferent from subject to subject 
than any fixed point on the body surface. It follows that the errors inherent 
in the assumptions of the Einthoven equilateral triangle hypothesis are not suffi- 
ciently large to invalidate completely the theory on which this central terminal 
is based nor to interfere with the usefulness of the central terminal in clinical 
electrocardiography. It was previously noted that in some subjects the spread 
of the impulse through the heart and the position of the heart may cause either 
the left leg or the left arm to be almost as indifferent as the central terminal. 
Therefore, in such subjects a precordial lead obtained by placing the distant 
electrode on the left leg or left arm will be practically the same as the V (central 
terminal) lead. The advantage of the central terminal as a reference point lies 
in the fact that it is not dependent on any particular position of the heart, but 
rather that it remains more indifferent in a series of subjects than the extremities, 
irrespective of these variables. 


SUMMARY AND CONCLUSIONS 


1. The validity of the central terminal as a truly indifferent reference point 
has been re-evaluated in a series of immersion experiments. The potential of 
this central terminal was compared to two other reference points, considered to 
be indifferent by construction. The first was an external central terminal formed 
from a large submerged equilateral triangle, the apices of which were equidistant 
from the immersed subject. The second was a distant point under water thirteen 
to fourteen feet from the immersed subject. 

2. The difference in potential between either of these reference points and 
the Wilson central terminal was consistently smaller from subject to subject 
than the difference in potential between each of five fixed points on the body sur- 
face and either external reference point or the Wilson central terminal. The five 
fixed points were the right arm, left arm, left leg, and two points on the anterior 
chest wall. The deflections obtained by pairing each of the five points with 
either external reference point were identical to or closely resembled the deflections 
obtained by pairing these points with the Wilson central terminal. 

3. In two of seven experiments the Wilson central terminal and the ex- 
ternal central terminal were at the same potential throughout the cardiac cycle. 
In the remainder, the Wilson central terminal was slightly negative (four experi- 
ments) or positive (one experiment) to the external central terminal. In one of 
four experiments the two external reference points were at the same potential, 
whereas in the remainder there was a slight difference. 

4. The results confirm the experience of others and indicate that the 
Wilson central terminal may be considered a more uniformly indifferent refer- 
ence point than any of the extremities. 

, Pas are indebted to the various house officers who submitted patiently as subjects for this 
study. 
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POTASSIUM AUTOINTOXICATION FROM HEMOLYSIS OF 
RED CELLS 


J. WENER, M.D., H. STANSFIELD, M.D., H. E. Horr, M.D., AND 
H. A. WINTER, B.Sc. 


MONTREAL, CANADA 


T IS generally known that in man and in certain species of animals there is a 

marked difference between the concentration of potassium in the plasma and 
that normally present in the erythrocytes.' In the latter, the amount of potas- 
sium is approximately twenty times greater than that found in the plasma. In 
recent years, there has been an increasing number of reports dealing with the 
syndrome of potassium intoxication, especially concerning the effects of high 
potassium on cardiac musculature. The present study was undertaken to deter- 
mine if the sudden liberation of the intracellular potassium in conditions marked 
by rapid and extensive intravascular hemolysis of erythrocytes would be suf- 
ficient to cause or bring on the signs and symptoms of potassium intoxication. 


Ringer? showed that excess of potassium caused the frog’s heart to stop in 
diastole. In 1938, Winkler, Hoff, and Smith*® produced potassium intoxication 
in dogs by the intravenous injection of isotonic potassium chloride and demon- 
strated a regular sequence of electrocardiographic changes characteristic of the 
various stages of this intoxication by which the syndrome could be recognized. 
These consisted, in succession, of progressive elevation of the T wave, which 
often becomes diphasic (serum potassium of 5.0 to 7.0 meq. per liter), depression 
of the S-T segment (8.0 to 10 meq. per liter), disappearance of the P wave (9.0 
to 11.0 meq. per liter), widening of the QRS complex, indicating intraventricular 
block (10.0 to 12 meq. per liter), terminal disorganization of the entire QRS 
complex, and cardiac arrest (14.0 to 16.0 meq. per liter). In 1941, the same 
authors‘ noted that dogs made anuric by various means died of typical potas- 
sium intoxication, as shown by electrocardiographic and blood potassium studies. 
Since that time, various authors have reported the occurrence of a similar syn- 
drome in man in uremia®7"** and in crush syndrome.’ The possibility of potas- 
sium intoxication due to hemolytic reactions has been suggested by Finch, Sawyer 
and Flynn.’ Recently it was shown by Roos, Weisiger, and Moritz" that when 
pigs were severely and extensively scalded, lethal levels of potassium and electro- 
cardiographic changes characteristic of this intoxication were obtained, mainly 
as the result of the destruction of the red cells. 


This work was supported by a grant from the National Research Council of Canada. 
From the Department of Physiology, McGill University,” Montreal. ; 
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In the rabbit the serum potassium is approximately 4.0 meq. per liter, 
while the erythrocytes contain 106 meq. per liter. If the packed cell volume be 
taken at 40 per cent, it can be calculated that in the absence of diffusion out of 
the blood vessels, approximately 15 per cent of the red blood cells must be hemo- 
lyzed to raise the serum potassium from 4.0 to 15.0 meq. per liter. If, however, 
one assumes complete equilibrium between the intravascular and the extra- 
cellular fluid, it would require approximately 60 to 65 per cent hemolysis to 
produce the same elevation of serum potassium. Apparently, therefore, the 
level of the serum potassium reached will depend on the degree and rate of 
hemolysis, the extent of diffusion of the excess potassium into the extracellular 
fluid, and the ability of the kidneys to excrete it. 


METHODS 


Rabbits were employed because their serum and erythrocyte content of 
potassium are very similar to that found in man. They were anesthetized with 
Nembutal and in most of the experiments the constant administration of intra- 
tracheal oxygen was employed to maintain oxygen tension in the lungs in case 
of respiratory arrest. Electrocardiograms were recorded at frequent intervals 
from Lead II. Blood samples for potassium determinations were obtained by 
direct heart puncture at irregular intervals and at the time of death in most 
instances. The serum potassium was determined on ashed samples by the 
colorimetric method of precipitation of silver cobalti-nitrite in ethyl alcohol, 
and color development in ammonium thiocyanate.” 

Several methods were used to lake red cells and release their content of potas- 
sium. (A) To produce intravascular hemolysis, a 1.0 per cent solution of 
saponin (Eastman Kodak) was injected intravenously into the femoral veins of 
twelve rabbits. The amount of saponin injected and the duration of the injection 
are indicated in Table I. Injection was discontinued when electrocardiograms 
began to show the final disintegration of the QRS complexes. Blood samples 
obtained were centrifuged immediately. In Experiments 3, 4, 5, 7, 19, and 21 
(Table 1) the withdrawn blood samples were placed immediately in graduated 
uniform bore ‘“Fisher’’ tubes and packed cell volumes were determined after 
the blood was centrifuged at 3,000 revolutions per minute for fifteen minutes. 
No anticoagulants having been used, the packed cell volumes were determined 
on partially clotted blood. As a control study, the packed cell volume of normal 
rabbit's clotted blood was compared with that of citrated blood. (B) In an 
attempt to reproduce an incompatible transfusion reaction, fresh human citrated 
blood (Group O) was injected intravenously into one rabbit at the rate of 1.0 
to 1.5 c.c. per minute until death occurred (Experiment 8, Table II). Human 
citrated blood (Group O) was hemolyzed completely by freezing and thawing 
and the laked mixture of blood was injected intravenously into two rabbits at 
slightly different rates until death occurred (Table II, Experiments 9 and 10). 
Packed cell volumes of the samples of heart's blood, withdrawn terminally, were 
determined in Experiments 8 and 10 by the same procedure described in (A). 
(C) Rabbit blood obtained from donor animals by complete exsanguination 
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(cannula in the carotid artery) was defibrinated and then centrifuged for twenty 
minutes at 1,000 revolutions per minute. The supernatant serum was discarded 
and the remaining red cells were resuspended in isotonic saline. This suspension 
of red cells was then completely hemolyzed by freezing and thawing. The amount 
of potassium in the laked red cell suspension was then determined. This solution 
was then injected intravenously at the rate of 2.0 to 3.0 c.c. and 4.0 to 5.0 c.c. 
per minute into Rabbits 22 and 23, respectively, until the animals died (Table 
III, Experiments 22 and 23). Packed cell volume was determined in Experiment 
23 by the method described. 

To rule out the possible effects of anoxia produced by the extensive destruc- 
tion of the red cells, electrocardiograms (Lead II) and serum potassium studies 
were performed on rabbits made anoxic, (1) by overdose with Nembutal (one 
rabbit), (2) by clamping of the trachea (one rabbit), and (3) by complete ex- 
sanguination of the donor rabbits when obtaining blood for the experiments 
described in (C). 

To determine the time and dosage relationship of the action of 1 per cent 
saponin on rabbit’s blood, the following experiments were performed in vitro. 
First, 9.0 c.c. of rabbit's citrated blood was placed in five graduated test tubes. 
Then at three-minute intervals 1.0 c.c. of 1 per cent saponin was added succes- 
sively to each tube. At the end of fifteen minutes the five tubes along with a 
control were centrifuged for fifteen minutes at approximately 3,000 revolutions 
per minute. Then the packed cell volumes were determined, and the result was 
taken as the degree of hemolysis obtained. 

In another experiment, varying amounts of saponin were added to tubes of 


’ blood each containing 9.0 c.c. of rabbit’s citrated blood to make serial dilutions. 


These tubes of blood were allowed to stand for fifteen minutes, centrifuged for 
fifteen minutes at 3,000 revolutions per minute, and the degree of hemolysis 
determined from the remaining packed cell volumes. 


RESULTS 


In Vitro Experiment of 1 Per Cent Saponin and Citrated Rabbit Blood.—Lak- 
ing of blood by saponin depends on its affinity for the lipoids of the cell envelope 
and stroma.“ From the results of the in vitro experiments with 1 per cent 
saponin and citrated rabbit's blood, it is apparent that saponin acts rapidly, but 
only if it is present in sufficient concentration. It appears that the hemolysis 
obtained with smaller quantities of the 1 per cent saponin was probably due to 
the high concentration at the point and time of mixing. From these experi- 
ments, it would not be justifiable to assume that the amount of hemolysis ob- 
tained in any experiment was in any way proportional to the quantity of saponin 
given. Therefore, a quantity of 1 per cent saponin, which when given rapidly 
produces a marked hemolysis, may actually hemolyze a larger number of red 
blood cells than a greater quantity of saponin given more slowly. 

The packed cell volume of citrated rabbit’s blood was found to be approxi- 
mately 30 to 35 per cent of the blood, as compared to 40 per cent packed cells 
when clotted blood was used. 


5 
aff 
Rf 
4 


WENER ET AL.: POTASSIUM AUTOINTOXICATION 887 


Intravascular Laking by Saponin.—The experiments in which 1 per cent 
saponin was injected to produce intravascular hemolysis are summarized in 
Table I. It can be seen that when the hemolysis was rapid and fairly extensive, 
higher levels of serum potassium were obtained than when the hemolysis was 
more gradual or less extensive. If one assumes that the decrease in packed cell 
volume is roughly proportional to the percentage of red cells hemolyzed, it is 
noted that the degree of intravascular hemolysis found necessary to raise the con- 
centration of the serum potassium from the normal of 4 meq. to 15 meq. per liter 
or more, varied from 12.5 to 65 per cent of the animal's blood cells, depending 
mainly on the rate and degree of the hemolysis. In Experiment 3, with a reduced 
rate of injection of the saponin producing a more gradual and perhaps less ex- 
tensive hemolysis, the serum potassium did not rise above 8.5 meq. per liter at 
the end of sixty minutes. However, in Experiment 21, although the degree of 
hemolysis was approximately the same as in Experiment 3, the rate was much 
faster, and a level of serum potassium of 20 meq. per liter was obtained in twenty 
minutes. 
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Fig. I.—A, B, and C are typical of the sequence of electrocardiographic changes obtained with in- 
jection of 1.0 per cent saponin (A), injection of human laked blood (B), and rabbit's laked red cells (C). 

A, (1) Control, Lead II. (2) Elevated T wave, RS-T segment depressed, P waves present. 
(3) P waves have disappeared, RS-T segment depressed. (4) Early disorganization of the QRS 
complex. 

B, (1) Control, Lead II. (2) Slight elevation of T wave, RS-T segment depressed, P wave 
present. (3) P waves have disappeared, RS-T segment depressed. (4) Early disorganization of 
QRS complex. 

C, (1) Control, Lead II. (2) Marked elevation of T wave, only slight depression of RS-T 
segment. (3) Elevated T wave, P wave flattened but still present. (4) Terminal disintegration 
of entire QRS complex. 
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From the data in Table I, it can be seen that the electrocardiograms obtained 
reflected the concentration of the serum potassium. In Experiments 3 and 17, 
at concentrations of potassium between 5.9 and 8.5 meq. per liter, the electro- 
cardiographic changes were limited to elevated or biphasic T waves, and RS-T 
segment depression (see Fig. 1,4). The loss of the P wave was noted at a con- 
centration of 8.9 meq. per liter and higher. In Experiments 7, 13, and 21, at 
serum potassium levels of between 11.7 and 14.5 meq. per liter, the electro- 
cardiograms showed elevation of the T wave, RS-T segment depression, loss of 
the P wave, and beginning widening of the QRS complex, but complete disinte- 
gration of the QRS complex was not yet apparent. Complete disintegration of the 
QRS complex and final cardiac arrest were observed only when the serum potas- 
sium levels were 14.9 meq. per liter and over, the average level being approxi- 
mately 16.8 meq. per liter. The levels of serum potassium and the associated 
electrocardiographic changes noted in these experiments are very similar to those 
reported following the slow injection of isotonic potassium chloride in dogs* 
and in rabbits.® 

Ventricular extrasystoles, ventricular tachycardia, and bigeminal rhythms 
were seen frequently in some experiments, and these were probably due to a toxic 
action of saponin. In Experiment 18, where the rate of hemolysis was very 
rapid, spontaneous ventricular fibrillation occurred four minutes from the start 
of the saponin injection, and the serum potassium at that instant was 13.3 mEq 
per liter. In Experiments 3, 17, and 20, ventricular fibrillation was precipitated 
by the insertion of the hypodermic needle into the heart for the withdrawal of 
blood for potassium determination. In Experiments 7 and 13, where no intra- 
tracheal oxygen was given, respiration ceased and the experiments were termi- 
nated before sufficient hemolysis had occurred to produce lethal levels of serum 
potassium. 


Intravenous Injection of Human Blood.—The data of the experiments with 
citrated whole human blood (Group O) and with laked human blood are pre- 
sented in Table II. 

All the animals died of cardiac arrest within twenty-four minutes from the 
onset of the injection. Death in each case was preceded by the typical sequence 
of electrocardiographic changes as in the case of the saponin experiments (Fig. 
1,B). Very high concentrations of serum potassium were found terminally in 
these experiments. The extremely high levels were due to the fact that there 
was a sudden partial to complete intravascular hemolysis of the rabbit's own cells 
as well as that of the donor cells (human). 


Intravenous Injection of Laked Rabbit Cells.—In Table III are summarized 
the data in the experiment with the laked rabbit red cells. The potassium con- 
centration in the laked red cell suspension was 32.0 mEq per liter. 

Here again, terminally, the rabbits showed lethal levels of serum potassium 
with death by cardiac arrest. The electrocardiographic changes were again 
characteristic of potassium intoxication (Fig. 1,C). Although the total amount 
of laked red cells injected into Rabbits 22 and 23 was approximately the same, 
the faster rate of injection in Experiment 23 resulted in a higher level of serum 
potassium in a shorter time. 
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Control Studies.—In the rabbit made anoxic with excess Nembutal, as well 
as in the rabbit with the trachea clamped, electrocardiograms revealed some 
elevation of the T wave and RS-T segment depression. The complexes decreased 
in amplitude and varying degrees of heart block were noted terminally. In no 
instance was there a loss of the P wave or a broadening or disintegration of the 
QRS complex characteristic of potassium intoxication. The serum potassium 
determined terminally for the rabbit with the trachea clamped was 5.6 meq. 
per liter. In a series of electrocardiograms taken on four rabbits which were 
completely exsanguinated, the changes consisted of T-wave elevation, depression 
of the RS-T segment, and only in one instance was there a loss of the P wave, 
but the animal did not show disintegration of the QRS complex noted in the 
experiments with saponin and laked red cells. Terminally, these animals showed 
varying degrees of heart block. The serum potassium in one of the exsanguinated 
rabbits was terminally increased to 7.4 meq. per liter. 


DISCUSSION 


These experiments demonstrate that sudden intravascular hemolysis may 
liberate sufficient potassium to cause cardiac arrest. In all experiments, the cor- 
relation between the sequence of electrocardiographic changes and the concen- 
trations of serum potassium resembled very closely that found in animals given 
slow intravenous injections of isotonic potassium chloride** (Fig. 1 A, B, and C). 

Although there was no direct relation between the amount of saponin in- 
jected and the extent of hemolysis found, it has been noted that in those experi- 
ments where the saponin was given more quickly, the rate and degree of hemolysis 
was greater, and higher levels of serum potassium with corresponding electro- 
cardiographic changes occurred sooner than when the saponin was given more 
slowly (Table 1). This may be due partly to the fact that when the hemolysis 
was more gradual, the excess serum potassium had more time to diffuse into the 
remaining extracellular fluid or be excreted by the kidneys, and the serum potas- 
sium never reached such high levels. It would appear, therefore, that the rate 
and degree of intravascular hemolysis are the important factors in determining 
the level of serum potassium obtained. 

Since the packed cell volume determinations were made on partially clotted 
blood, it is evident that the values for the amount of hemolysis obtained were 
probably less than the actual degree of hemolysis present in each case. How- 
ever, it is significant that the range of hemolysis in these experiments is in close 
accord with the calculated range necessary to elevate the serum potassium to 
15 meq. per liter. 

Because of the relatively short duration of each experiment, the ligation of 
the ureters in Rabbits 2, 3, 5, and 8 did not significantly affect the final outcome 
of these experiments. 

The ventricular extrasystoles, ventricular tachycardia, and the begiminal 
rhythm, noted only in the saponin experiments, were probably due to saponin, 
a plant glucoside; but the spontaneous ventricular fibrillation noted in Experi- 
ment 18 was probably precipitated by the sudden elevation of the serum potas- 
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sium to 13.4 meq. per liter. Similar observations were made when isotonic 
chloride was rapidly injected into rabbits.® 

Saponin can cause paralysis of the respiratory center," as was noted in some 
of our experiments, but the use of continuous intratracheal oxygen tended to 
prevent anoxia. The observation had been previously made by Gottdenker™ 
that in rabbits, doses of saponin of 20 mg. per kilogram of body weight resulted 
in death associated with extreme degrees of cardiac dilatation. However, applied 
to isolated strips of auricular muscle, saponin caused arrhythmias and ultimately 
death in contraction. It thus seems likely that the cardiac dilatation observed 
by Gottdenker was probably due to the terminal cardiac arrest in diastole caused 
by the excess serum potassium from the intravascular hemolysis. 

Terminal serum potassium levels in the anoxic control rabbits were only 
slightly elevated, and electrocardiograms did not show the sequence of changes 
seen in potassium intoxication. These small elevations of serum potassium are 
in accord with the observations of Mullen, Dennis, and Calvin,'* who found an 
increase of serum potassium up to 30 per cent of the original value in anoxic dogs. 
Scudder®™ also found similar small increases in serum potassium in cases of shock 
due to hemorrhage. Therefore, it may safely be assumed that any degree of 
anoxia present in these experiments did not raise the serum potassium sufficiently 
to account for the high levels of potassium and the associated electrocardiographic 
changes obtained. 

The mechanism of death in cases of acute intravascular hemolysis is still 
not fully understood. The results of these experiments suggest that the sudden 
and extensive hemolysis seen in some cases of incompatible transfusion reaction, 
in erythroblastosis fetalis, and in cases of acute intravascular hemolysis from other 
causes can cause death from potassium intoxication. It is also obvious that im- 
pairment of renal function sufficient to prevent excretion of excess potassium 
will increase the possibility of lethal levels of serum potassium being reached." 


CONCLUSIONS 


1. It has been shown that in rabbits, rapid intravascular hemolysis of red 
cells, by liberation of the intracellular potassium into the plasma, can cause death 


by potassium intoxication. 
2. The possible implication of this in clinical cases of intravascular hemo- 


lvsis has been discussed. 


The authors wish to thank A. O. Denstedt for assistance and helpful suggestions. 
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AN ANALYSIS OF THE RELATIVE ACCURACIES OF THE WILSON 
AND GOLDBERGER METHODS FOR REGISTERING 
UNIPOLAR AND AUGMENTED UNIPOLAR 
ELECTROCARDIOGRAPHIC LEADS 


Maurice B. Rappaport, E.E.,* AND CONGER WILLIAMS, M.D.7 
With the Editorial Assistance of Paul D. White, M.D. 
Boston, Mass. 


INTRODUCTION 


UNIPOLAR electrocardiographic lead is a graphic representation of the 

cardiac action potentials which are present at one particular location on a 
subject's body with respect to a nonfluctuating reference. It is differentiated 
from the usual bipolar electrocardiographic lead, for example, Lead I, in which 
the action potentials of the right and left arms fluctuate and the resultant electro- 
cardiogram is an algebraic addition of these potentials with respect to time. 

In 1932 Wilson, Johnston, Macleod, and Barker'* suggested that a central 
terminal or nonfluctuating reference for unipolar leads may be obtained by 
connecting the right arm, left arm, and left leg to a junction point via three equal 
resistances. They suggested that the accuracy of the method is dependent 
upon the validity of the equilateral triangle of Einthoven, Fahr, and De Waart* 
and Kirchhoff's‘ laws of electric networks. 

Kirchhoff's two laws pertaining to electric networks were first formulated 
in 1845. They are special expressions of relations explicit in field equations 
applicable to electric circuits. The first law, known as the voltage law, states: 
[f in an electric network a closed path is traversed, the algebraic sum of voltages across 
the individual elements in the direction of traversal is zero. The second law, known 
as the current law, states: The algebraic sum of all currents directed toward and 
away from a junction is sero because electricity behaves like an incompressible 
fluid. By means of Kirchhoff's laws it is possible to determine the resultant 
behavior of any lumped-parameter linear electric network such as a unipolar 
electrocardiographic lead. 

Wilson, Johnston, Macleod, and Barker observed that according to Kirch- 
hoff's second law the potential of the junction or central terminal must be equal 
at every instant to the mean of the potentials of the electrodes on the right arm, 
left arm, and left leg. If the assumption is now made. that the equilateral 
triangle of Einthoven, Fahr, and De Waart is valid and that the electrical forces 
of cardiac origin which are perpendicular to the plane formed by the limb leads 


*From the Research Department, Sanborn Company. 
+From the Cardiac Laboratory, Massachusetts General Hospital. 
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have negligible effect upon the variations in potential at the limbs, then the 
central terminal cannot be materially affected by the action’ potentials throughout 
the cardiac cycle. 

The validity of Kirchhoff’s laws as applied to central terminal calculation is 
unquestionable. They are universally employed and accepted as an important 
tool by the mathematical physicist and electrical engineer for the calculation of 
electric networks. The application of Kirchhoff’s laws to the central terminal 
circuit is comparatively simple and straightforward. On the other hand, there 
has been controversial discussion’ as to the validity of the equilateral triangle 
of Einthoven, Fahr, and De Waart. Unfortunately, it is most difficult to prove 
the validity of the equilateral triangle by mathematical means because of the 
extremely complex nature of the electrical field produced by the heart beat. As 
a result, experimental methods have been employed by a number of investiga- 
tors.7:5°10 The general procedure employed by Fahr and Weber,’ Wagner,® 
and Johnston, Kossmann, and Wilson® was to apply constant or variable poten- 
tials via two metallic electrodes inserted in the heart of a cadaver and to compute 
from the differences in potential in the limb leads whether the relationships ex- 
pressed in the equilateral triangle of Einthoven, Fahr, and De Waart hold true. 
Wilson and Herrmann’? stimulated the heart of a living dog by means of an in- 
ductorium connected to two electrodes in the ventral wall of the heart, one near 
the base and the other near the apex. The electrodes were so located that a 
line joining them was very nearly parallel to the long axis of the body. All 
of the investigators found that the direction and relative magnitude of the deflections 
in the limb leads were comparable, within close limits, with the relationships expressed 
in the equilateral triangle theory. 

Burger and Whurmann" compared the central terminal of the Einthoven, 
Fahr, and De Waart triangle with that of other central terminals, each con- 
nected to a set of three electrodes located equidistant from the heart and lying 
at the apices of a triangle enclosing it. They observed that the potential differ- 
ences between the various central terminals were practically zero. Wilson 
and his co-workers” carried out similar experiments. They state: ‘Arrighi 
is known to have carried out experiments of a similar kind. So far as we know, 
his work has not yet been published, but all of his experiments that we have 
knowledge of yielded results comparable to those reported by Burger and 
Wuhrmann. We have performed one experiment of the same kind and the 
results of such experiments are predictable on the basis of Arrighi's' published 
work.”’ Wilson and associates” employed the Arrighi triangle and compared its 
potential with that of the equilateral triangle of Einthoven, Fahr, and De Waart 
and found that the difference in potential did not exceed 0.15 millivolt. The 
Arrighi triangle is obtained as follows: one electrode is placed in the left sub- 
maxillary region close to the chin, the second 3.0 or 4.0 cm. to the left of the 
midpoint of a line joining the umbilicus with the center of the pubis, and a third 
in the left interscapular space, approximately at the level of the spinous process 
of the seventh thoracic vertebra. 

A possible source of error in the application of the Einthoven triangle 
hypothesis to unipolar electrocardiography lies in the position of the frontal 


> 
4 
a 
a 
ia 


4 


894 AMERICAN HEART JOURNAL 


plane determined by the three reference points (right arm, left arm, and left leg). 
Some doubt has been expressed as to the inclusion of the center of electrical ac- 
tivity of the heart in the frontal plane. If this plane does not pass through the 
center of electrical activity, the potential of the central terminal will be positive 
or negative, depending upon the spatial relationship of the heart to the plane in 
an electrical sense. 


Eckey and Frohlich,” Burger,'® and Wilson and associates” have performed 
immersion experiments to ascertain the degree of potential fluctuation that may 
occur between the central terminal formed by the Einthoven equilateral triangle 
and the central terminal by immersion. Eckey and Frohlich employed distilled 
water and completely immersed the subject in a metal-lined tub; the subject 
was allowed to breathe through a tube. The electrodes employed for obtaining 
the central terminal formed by the right arm, left arm, and left leg were not 
insulated from the distilled water; the immersion central terminal was the 
metal lining of the tub. Eckey and Froéhlich observed a slight modification in 
the limb lead deflections after immersion due to the slight electrical conductivity 
of the distilled water. The greatest variations in potential observed between the 
two central terminals in an unspecified number of experiments was of the order 
0.3 millivolt. Burger employed a zinc tub filled with tap water, but the sub- 
ject’s face was not immersed and the limb electrodes were insulated from the 
water. Burger observed a 25 per cent reduction in the standard limb lead 
deflections which may be ascribed to the conductivity of tap water. In five 
normal subjects the greatest potential difference between the two central terminals 
was approximately 0.26 millivolt. Wilson and associates immersed the subject 
up to the neck in a fresh-water lake. The immersion central terminal was a 
large metal electrode suspended in the lake approximately eleven feet from the 
body. The short-circuiting effect of the lake water reduced the standard limb 
lead deflections approximately 50 per cent. The largest potential variation 
measured between the two central terminals was 0.15 millivolt. These authors 
did not state whether the limb electrodes were insulated from the water. They 
concede that a certain degree of error is present in the immersion experiments 
but conclude that the central terminal formed by the right arm, left arm, and 
left leg is a good approximation of a nonfluctuating reference. 


In 1942 Goldberger™ suggested that unipolar electrocardiographic leads 
may be obtained by means of the Wilson technique, with the exception that the 
central terminal be formed by connecting the right arm, left arm, and left leg 
directly to a junction point without interposing the 5,000 ohm resistors. In 
other words, the Goldberger method depends entirely upon the subject resistance 
in each limb. Wilson and his co-workers!” at first thought that 25,000 ohm 
resistors in each limb circuit would produce a central terminal more nearly 
unipotential. They decided, however, to use 5,000 ohms because of the greater 
susceptibility of the electrocardiographic apparatus to alternating current inter- 
ference when 25,000 ohm resistors are employed. The purpose of the resistors in 
each limb circuit is to minimise differences in subject resistance at each limb. Theo- 
retically, dissimilarity in contact resistance of each limb introduces variation in 
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current distribution in the central terminal circuit which affects the potential of the 
central terminal. 

The Goldberger modification is widely employed in clinical electrocardi- 
ography. In this paper it is our object to show mathematically the relative 
accuracies of the Wilson and Goldberger methods. An actual comparison of 
unipolar electrocardiograms taken with Wilson and Goldberger leads was made 
by Bryant and Johnston!*° in a series of 500 cases, using only the left leg lead 
(aVy). A significant difference between the Wilson and Goldberger techniques 
was observed in 10 per cent of the cases. 


We are in the process of a more extensive investigation in which a comparison 
of the electrocardiograms taken with both techniques is being made. In addi- 
tion, the actual measurement of the resistances as they exist at the points of 
contact of electrodes to the limbs is being made. These results will be published 


in subsequent papers. 


THE CENTRAL TERMINAL 


The basic circuit of a central terminal in which the resistances in the three 
limb circuits are equal is shown in Fig. 1. This condition occurs in the Wilson 
method when the patient resistances of each limb are identical and each is in 
series with a 5,000 ohm resistor. That is, R is equal to limb resistance plus 5,000 
ohms. When the Goldberger method is employed, the condition of Fig. 1 occurs 
when the patient resistances of the limbs are equal. That is, R is equal to the 
Let 


resistance of each limb. 


éo = voltage at the central terminal as a result of cardiac action 
e; = instantaneous voltage at the right arm electrode as a result of cardiac 
action 

instantaneous voltage at the left arm electrode as a result of cardiac 


= 
action 

€; = instantaneous voltage at the left leg electrode as a result of cardiac 
action 

FE, = instantaneous voltage between the right arm electrode and the central 
terminal 


ij = current flow between right arm electrode and central terminal 
iz = current flow between left arm electrode and central terminal 
] current flow between left leg electrode and central terminal 


The arrows associated with current flow are arbitrarily assumed according to 
Kirchhoff's second law. According to Ohm's law, which states that the current 
in a conducting system at any instant is equal to the applied voltage divided by 
the resistance offered to the flow of current, we may state that in Fig. 1 
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From the indicated direction of current flow in Fig. 1, 
14+ 12 


Substituting Equations 1, 2, and 3 in Equation 4 
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Fig. 1.—The basic circuit of a central terminal in which the resistances in the 
three limb circuits are equal. 
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Equation 5 is the Wilson, Macleod, and Barker formula which states that the potential 
of the central terminal must be equal at every instant to the mean of the potentials 
of the electrodes on the right arm, left arm, and left leg. Also 


Ey Co [6] 


By substituting Equation 5 into Equation 6, we get 


[7] 


LEFT ARM 


CENTRAL 
TERMINAL 


LEFT LEG 


3 


Fig. 2.—The basic circuit of a central terminal in which the resistances in the three limb circuits 
are dissimilar because of differences in the resistance of the right arm, left arm, and left leg. 


Let us now consider the Wilson circuit in Fig. 2 where unlike values of patient 
resistance are present in each limb circuit. If we let 


a, b, and c= factors which, when multiplied by the nominal limb circuit 
resistance R, give the actual limb circuit resistance, 


then 


ps 
aR [8] 


— 
3 3 3 ” 

aR DR 
E K 

° 
| 
= 
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also iz3= 14+ [11] 
By substituting Equations 8, 9, and 10 in Equation 11 we get 
“aie 
be + ac + ab 
a b abe 
b 
e abe 
or 
a. b c be + ac + ab 
bcey + acez+ abe3 [12] 
be + ac + ab 
ae A reasonable assumption is that the following values of patient resistance 
+ may exist in a hypothetical case 


right arm = 1,000 ohms 
leftarm = 2,000 ohms 
leftleg = 3,000 ohms 


Therefore, 


z : ; If we substitute these values of patient resistance in Equation 12 we get 
= [13] 


898 

° Ca2a— 

[9] 
° bR 

[10] 
cR 

a : a= 1 2 

b= 1 

| 
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If we now take a case where the instantaneous voltages at the three limb electrodes 


are 


right arm = ey = —1.2 mv. 
leftarm = ez= +0.9 mv. 
leftleg =e3= +0.3 mv. 


According to Equation 5, the theoretically correct voltage at the central terminal 
as a result of cardiac action is 


—1.24+0.9 + 0.3 


[Theoretical] 3 


which is the mean value of the potentials at the three limbs. 
According to equation 13 


—0.355 mv. 


é 


[Goldberger] 


In the Wilson central terminal the resistance in the 


right arm circuit = 1,000 + 5,000 = 6,000 ohms 
left arm circuit = 2,000 + 5,000 = 7,000 ohms 
left leg circuit = 3,000 + 5,000 = 8,000 ohnis 


a=06/7 
b=1 
c= 8/7 


If we substitute these values into Equation 12 we get 


[Wilson at 5,000 ohms] 


2x 1242 x X 09+ 2x 1x03 


7 
- = —0.077 mv. 


8 6 8 
1X x 1 
7 +7 7 


When 10,000 ohm resistors are employed in the Wilson central terminal 
instead of 5,000 ohms, then 


right arm circuit = 1,000 + 10,000= 11,000 ohms 


left arm circutt 2,000 + 10,000= 12,000 ohms 
left leg circuit = 3,000+ 10,000= 13,000 ohms 


| 

a 
3 1 
x03 
11 
‘Deen 
Thus, 
| 
ing 
= 
be 


900 AMERICAN HEART JOURNAL 


Therefore, 


If we substitute these values in Equation 12, we get 


eo = 
[Wilson at 10,000 ohms] 


12482 x 094 Ux 1X 0.3 
12 12 12 12 


= —0.043 niv. 
tet 


Our calculations show, therefore, 


Theoretically correct voltage at central terminal = 0 mv. 
Wilson central terminal voltage employing 10,000 ohm resistors= — 0.043 mv. 
Wilson central terminal voltage employing 5,000 ohm resistors= —0.077 mv. 
Goldberger central terminal voltage = — 0.355 mv. 

FE, is the instantaneous voltage between the right arm and the central 
terminal or what is clinically termed as the V, or right unipolar limb lead. The 
effect on this lead by the unbalance due to unequal patient resistance in the right 
arm, left arm, and left leg may be calculated in the following manner: 


= —1.2+ —1.2 mv. 
[Theoretical] 


E, = —1.2 + 0.043 = — 1.157 mv. 
[Wilson at 10,000 ohms] 


EF; = —1.2+ 0.077 = —1.123 mv. 
[Wilson at 5,000 ohms] 


= —1.2+ 0.355 = —0.845 mv. 
[Goldberger] 


The voltage errors introduced in the V, lead by the Wilson and Goldberger 
methods are: 


Wilson central terminal with 10,000 ohm resistors= 3.59 per cent error 
Wilson central terminal with 5,000 ohm resistors= 6.42 per cent error 
Goldberger central terminal = 29.5 per cent error 


THE AUGMENTED UNIPOLAR EXTREMITY LEADS 


Unipolar extremity leads as taken with the original Wilson technique are 
usually of rather low magnitude. To facilitate a reasonable degree of accuracy 
in the reading of the graph, it is usually desirable to increase the sensitivity of the 


‘ al 
_ 

a= 11/12 

b= ] 

c= 13/12 

| | 
=. 4 
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electrocardiograph to 1.5 or 2 cm. per millivolt. Goldberger suggested that all 
complexes in unipolar extremity leads are increased by a factor of 1.5 if the con- 
nection from the central terminal is removed from the limb under investigation. 
Goldberger suggested that the extremity lead which is registered with an increased 
magnitude of 1.5 times normal be called the augmented unipolar extremity lead 
and be symbolized as follows: 


aVr= augmented unipolar right arm 
aV1.= augmented unipolar left arm 
aVr= augmented unipolar left leg 


Let us now determine by mathematical calculation the accuracy of Gold- 
berger’s relationship. Fig. 3 is a representation of the basic electrical circuit 
which is created when an augmented unipolar right arm lead is taken as suggested 
by Goldberger. Let us also assume an ideal condition in which the patient re- 
sistances in the left arm and left leg are equal. Then 


e', = voltage at the central terminal as a result of cardiac action 

E',;= instantaneous potential difference between right arm and central 
terminal which is the aVpz lead 

E, = instantaneous potential difference between right arm and central 
terminal representing the unipolar right extremity (VR) lead of 


Fig. 2 

¢; = instantaneous potential at right arm electrode as a result of 
cardiac action 

€z = instantaneous potential at left arm electrode as a result of cardiac 
action 

és = instantaneous potential at left leg electrode as a result of cardiac 


action 


From Fig. 3 it is obvious that 


e.= e2+ 
o= 
2 


also E';= 


If we substitute Equation 14 into Equation 15, we get 


1 1 2 e1 ? ? [16] 
But E',;— E,;= aVrlead— Vrlead [17] 


Using Equations 16 and 7, we may say that 


[15] 
€2 €3 ez 
3° 3. 3 
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3 6 6 3 2 


[18] 
‘S The derivation of Equation 18 is a mathematical proof which substantiates Gold- 
Bs berger’s relationship that the aV Rp lead is identical in configuration to the VR lead 
= but increased by a factor of 1.5 when the patient resistances in the left arm and left 
leg are identical. 
RIGHT ARM @@, LEFT ARM 


CENTRAL 


TERMINAL 


7 Fig. 3.—The basic circuit of an augmented unipolar right arm lead in which the patient resistances 
Ba in the left arm and left leg circuits are equal. 


From Fig. 3 and the preceding calculation on the augmented unipolar extremity 
leads it is obvious that the Wilson central terminal may be used exactly like the Gold- 
berger central terminal to obtain the aVr, aVz, and aV» leads. The basis for this 
assumption is that R in Fig. 3 is merely the sum of limb resistance plus the value 
of the resistor in the Wilson central terminal circuit and the mathematical deriva- 
tion is thus unaffected. 


“ 
2 
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Let us now consider the effects of dissimilar patient resistance in the ex- 
tremities. In the calculations that are to follow we may assume that in Fig. 4 


e€; = instantaneous potential at right arm electrode as a result of 
cardiac action 

é€z2 = instantaneous potential at left arm electrode as a result of 
cardiac action 

e€3; = instantaneous potential at left leg electrode as a result of cardiac 
action 


e'', = voltage at the central terminal as a result of cardiac action 

E'';= instantaneous potential difference between right arm and central 
terminal which is the aV, lead 
resistance of left arm circuit 

cR = resistance of left leg circuit 

} current flow as a result of cardiac action 


RIGHT ARM@é, 


> 
II 


LEFT ARM 


CENTRAL 
TERMINAL 


LEFT LEG 


Fig. 4.—The basic circuits of an augmented unipolar right arm lead in which the patient resistances 
in the left arm and left leg circuits are not alike. 


According to Ohm’s law 
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e;b 
b+e 


1 
c b 


As previously, let patient resistance in 
left arm = 2,000 ohms 
left leg = 3,000 ohms 
Also as before, let 
@2= 0.9 mv. 
€3= 0.3 mv. 


According to Equation 14, the theoretically correct augmented central terminal 
voltage is 


_ 0.9 + 0.3 _ 


[Theoretical] 2 


0.6 mv 


If the Wilson central terminal composed of 10,000 ohm resistors is used to obtain 
the augmented unipolar limb lead, the resistance of 

left arm = 2,000 + 10,000= 12,000 ohms 

left leg = 3,000+ 10,000= 13,000 ohms 
Thus, 

b= 1] 

c= 13/12 
According to Equation 20, the augmented central terminal voltage by the Wilson 
technique with 10,000 ohm resistors is 


0.9x 03x 1 
12 


e'' €3b _ 
[Wilson at 10,000 ohms] b+c 


13 
1+— 
12 


When the Wilson technique with 5,000 ohm resistors is used, 


left arm = 2,000 + 5,000= 7,000 ohms 
left leg = 3,000 + 5,000= 8,000 ohms 


904 

€2 e3 e e | 1 

or 

=—+— 

b 

of 
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Thus, 


b= 1 
c= 8/7 


0.9 X +0.3xX 1 
= 0.62 mv. 


or = 
[Wilson at 5,000 ohms] 


8 
1+— 
7 


If the Goldberger technique is used 


left arm = 2,000 ohms 
left leg = 3,000 ohms 


b= i 
c= 3/2 


0.9% 


= 0.66 mv. 


[Goldberger] 


or é 


3 
1+— 
2 


Our calculations therefore show: 
Theoretically correct voltage at central terminal = 0.6 mv. 
Wilson central terminal voltage employing 10,000 ohm resistors = 
0.612 mv. 
Wilson central terminal voltage employing 5,000 ohm resistors = 
0.62 mv. 
Goldberger central terminal voltage = 0.66 mv. 


E"' is the instantaneous potential difference between the right arm and the 
central terminal which is the aV, lead or augmented unipolar right limb lead. 
The effect on this lead by patient resistance unbalance in the left arm and left 
leg circuits may be calculated in the following manner: 

E"', [Theoretical] = e; — e''9 = —1.2 —0.6= —1.8 mv. 
E'', [Wilson at 10,000 ohms] = — 1.2 —0.612 = — 1.812 mv. 
E"', [Wilson at 5,000 ohms] = — 1.2 —0.62 = —1.82 mv. 
E"', [Goldberger] = — 1.2 —0.66 = — 1.86 mv. 


The voltage error introduced in the aV, lead by the Wilson and Goldberger 


methods is: 


Wilson method with 10,000 ohm resistors= 0.67 per cent error 
Wilson method with 5,000 ohm resistors= 1.1 per cent error 
Goldberger method = 3.3 per cent error 


| * 
4 

Thus, 
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It so happens, that in this case the patient resistance discrepancy between 
the left arm and left leg is not as great as occurs between the right arm and left 
leg. If the aV,, lead were taken in this hypothetical case, the patient resistance 
factor should be of greater consequence. For comparative purposes, however, 
we may calculate the error in the aV, lead if the left arm patient resistance is 
1,000 ohms instead of 2,000 ohms. Thus, 


left arm = 1,000 ohms 
left leg = 3,000 ohms. 


As before, 


€2= 0.9 mv. 


0.3 mv. 


According to Equation 14, the theoretically correct augmented central terminal 
still is 


= €2 = 0.6 mv. 
| Theoretical] 


If the Wilson central terminal composed of 10,000 ohm resistors is used to obtain 
Lead aV,, the resistance of 


left arm circuit= 1,000 + 10,000= 11,000 ohms 
left leg circuit = 3,000 + 10,000= 13,000 ohms 


Thus, 
ez 13/11 


According to Equation 20, the augmented central terminal voltage by the Wilson 
technique with 10,000 ohm resistors is 


0.9 0.3 X 1 
11 


cs = = 0.623 mv. 
[Wilson at 10,000 ohms] 


148 
11 


When the Wilson technique with 5,000 ohm resistors is used, 


left arm circuit = 1,000 + 5,000= 6,000 ohms 
left leg circuit = 3,000 + 5,000= 8,000 ohms 


Thus, 
b= ] 
c= 8 ‘6 
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0.9x + 0.3 X 1 


= = 0.644 mv. 


[Wilson at 5,000 ohms] 8 


When the Goldberger technique is used 


left arm circuit = 1,000 ohms 
left leg circuit = 3,000 ohms 


Thus, 
b= J 
c= 3 


0.9X 3+ 0.3 
[Goldberger] I+ 3 


or a 


Our calculations therefore show: 
Theoretically correct voltage at central terminal = 0.6 mv. 
Wilson central terminal voltage employing 10,000 ohm resistors = 


0.623 mv. 
Wilson central terminal voltage employing 5,000 ohm resistors = 


0.644 mv. 
Goldberger central terminal voltage = 9.75 mv. 


E"' is the instantaneous potential difference between the right arm and the 
central terminal which is the aV, lead. The effect on this lead by patient 
resistance unbalance in the left arm and left leg circuits is: 


E"', [Theoretical] = e; — e''9 = —1.2—0.6 = —1.8 mv. 
E'', [Wilson at 10,000 ohms] = — /.2 —0.623 = — 1.823 mv. 
E'', [Wilson at 5,000 ohms] = — 1.2 —0.644 = — 1.844 mv. 
E", [Goldberger] = — 1.2 —0.75 = —1.95 mv. 


The voltage error introduced in the aVg lead by the Wilson and Goldberger 
methods is: 

Wilson method with 10,000 ohm resistors = 1.28 per cent error 

Wilson method with 5,000 ohm resistors = 2.44 per cent error 

Goldberger method = 8.35 per cent error. 


TECHNIQUE 


In the registering of unipolar extremity leads with the Wilson central 
terminal, the exploring wire is commonly attached to the limb electrode which 
is part of the central terminal circuit. That is, if Lead V1, is desired, the explor- 
ing wire is connected to Electrode B of Fig. 5. This procedure is incorrect and 
may introduce very serious error in the electrocardiogram. ‘The correct way to 
connect the patient is shown in Fig. 5. Instead of connecting the exploring wire 
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io Electrode B when registering Lead V,, another electrode A must be used and 
the exploring wire attached to it. The spacing between Electrodes A and B is 
unimportant, but electrode jelly must not be allowed to communicate between 
the two electrodes. The connection to the right leg is useful for eliminating 
alternating current interference because several makes of electrocardiographs 
require that the patient be grounded to the apparatus. In these electrocardio- 
graphs the unused limb, such as the left leg in Lead I, the left arm in Lead I], 
and the right arm in Lead III, is grounded to the apparatus via the lead selector 
switch. When the Wilson central terminal circuit is employed, the right arm, 
left arm, and left leg are not available for grounding. The right leg is, therefore, 
the most convenient portion of the patient to ground. 

The magnitude of error that is introduced in the unipolar extremity lead 
electrocardiograms if the exploring electrode is connected to Electrode B of 
Fig. 5 may be calculated. Fig. 6 is a circuit which is equivalent to the one shown 
in Fig. 5 but takes into consideration the skin resistance under all electrodes. 


As before, let 
Ryx = resistance of skin under right arm electrode = 1,000 ohms 


Ri, = resistance of skin under left arm electrode = 2,000 ohms 
Ri.= resistance of skin under left leg electrode = 3,000 ohms 
R, = skin resistance under Electrode A. 


RRA ELECTRODE 


CENTRAL 
TERMINAL 


PATIENT 


ELECTRODE ECG 


a 


EXPLORING 


ELECTRODE 


Fig. 6.—Equivalent electrical circuit of Fig. 5 in which the skin resistance under the right arm, left arm, 
and left leg electrodes are taken into consideration. 


If Lead Vy, is taken by the method shown in Fig. 5, the action potentials 
registered by the electrocardiograph of Fig. 6 are formed between the central 
terminal and Electrode A. This is the actual V, lead because the effects of Ry 
are negligible when an electronic electrocardiograph is used,'® and in a string 
electrocardiograph the string sensitivity is adjusted to compensate for the 
effects of resistance in series with it. However, if the exploring wire is placed on 
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Electrode B of Fig. 5, then Lead Vy is registered between the central terminal 
of Fig. 6 and Electrode B. If Ry, is 2,000 ohms, then Lead Vy, is registered with 
an amplitude equal to five-sevenths the actual value because of the division of the 
action potential between R,, and the 5,000 ohm resistor. Obviously, the higher 
the skin resistance under the electrode, the greater is the magnitude of error. 

If the Goldberger central terminal were used with the incorrect technique, 
zero action potential or an isoelectric line would be registered by the electro- 
cardiograph. The correct connections with the Goldberger central terminal 
are as with the Wilson central terminal. 

A natural question which should be considered at this time is the relative 
accuracies of the Einthoven string galvanometer electrocardiograph and the 
electronic electrocardiograph when used in conjunction with the Wilson and Gold- 
berger central terminals. When Wilson first described the central terminal, he 
suggested that a stage of electronic coupling be interposed between the central 
terminal-patient circuit and the string. 

As previously mentioned, any resistance which is" placed in series with a 
string requires a slackening of the string tension. Jn a string galvanometer, the 
galvanometric speed is proportional to the square root of the tension and the tension 
is proportional to the reciprocal of the sum of the string resistance and any resistance 
in series with it. For example, the usual resistance of a string is approximately 
2,000 ohms and a well-scrubbed normal patient may attain a resistance of approx- 
imately 2,000 ohms which totals 4,000 ohms. Let us assume that the minimum 
galvanometer speed of the string electrocardiograph under such operating 
conditions is 0.01 second. Should the patient resistance increase to, say, 6,000 
ohms, then the total resistance of the circuit becomes 8,000 ohms. In turn, 
the string must be slackened so that the new galvanometric speed is reduced to 
0.014 second. Lewis and Gilder'® have shown that galvanometric speeds slower 
than 0.02 second will produce sluggish and inaccurate electrocardiograms in 
human beings. 

Fig. 7 is the basic circuit of the Wilson central terminal connected to a 
string galvanometer and patient. As before, the maximum allowable resistance 
in the circuit so that the galvanometric speed will not be slower than 0.02 second is 


0.01 0.02 
V¥4000 =VR 
or R= 16,000 ohms 


If we subtract the 2,000 ohm string resistance, then 14,000 ohms is allowable for 
the rest of the circuit resistance. Let us assume that 


Re= 


This may be done because the internal resistance of a patient is small compared 
with the contact resistance. Then 


Ry + 5000 
3 


9,250 ohms 


+ Ry= 14,000 


q 
= 
| 
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This means that if the contact resistances at the right arm, left arm, and left leg 
and exploring electrodes do not exceed approximately 9,000 ohms, the galvano- 
metric speed will not be slower than 0.02 second. In practice, such values of 
resistance are rarely exceeded; therefore, the string electrocardiograph should 
record clinically accurate unipolar electrocardiograms on human beings from a 
galvanometric speed standpoint. 


S000 


RLA S000 | 


Rie 5000 


RRA 


Fig. 7.—Basic circuit of the Wilson central terminal connected to a string galvanometer and patient 
in which: 

Rra = Skin resistance under right arm electrode 

Rua = skin resistance under left arm electrode 

Rut = skin resistance under left leg electrode 


Rs = string resistance = 2,000 ohms 
Re = skin resistance under exploring electrode plus internal resistance of patient 


Galvanometric speed versus patient resistance is of no consequence in 
electronic electrocardiographs or when a stage of electronic coupling is used with 
the Einthoven string galvanometer.!?"!” 


DISCUSSION 


Wolferth and Livezey® have differed with Wilson and associates” as to the 
accuracy of the central terminal method for registering unipolar electrocardio- 
grams. They are agreed, however, that an accurate method for registering uni- 
polar electrocardiographic leads would be a most important electrocardiographic 
method. Wolferth and Livezey state: ‘‘It is of vital importance to electro- 
cardiography that if error in matters of this nature exist, such error be recognized. 
If, on the other hand, there is no important source of error in Wilson's ‘unipolar’ 
leads, they should be used for practically all electrocardiographic work.”’ 
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When Wilson and associates devised the central terminal, they suggested 
that its accuracy is dependent upon the validity of the equilateral triangle 
theory and Kirchhoff’s laws of electric networks. They claimed that the poten- 
tial which exists at the central terminal must be equal at every instant to the 
mean of the potentials at the electrodes on the right arm, left arm, and left leg. 
Also, if the equilateral triangle theory is 100 per cent valid, the sum of the poten- 
tials at the three limbs must total zero and thus the central terminal potential 
must be equal to zero. Our mathematical analysis shows, however, that the 
potential at the central terminal may be modified by dissimilar patient resistance 
in each of the three limbs. Differences in resistance at the three limbs is caused 
by unlike electrical conductivity of the skin under each of the three extremity 
electrodes. 

Almost everyone is agreed that the equilateral triangle theory of Einthoven, 
Fahr, and De Waart is not 100 per cent correct. The controversial point is as 
to the amount of error that may be present. Wilson and his associates state: 
“In our opinion, there is no reason to suppose either that Einthoven and his asso- 
ciates had any false notions as to the general character of the heart's electrical 
field or that they considered their method of determining the position of the 
electrical axis of the heart entirely free of error. In 1921, a paper by Lewis, 
Drury, and Iliescu'’ on the electrical axis of the auricle in clinical cases of auricular 
flutter raised a question as to the conditions under which the principles of Ein- 
thoven’s triangle are applicable. A letter to Einthoven concerning the matter 
was answered by him on November 21, 1921 as follows: 

“ ‘In regard to the equilateral triangle | fully agree with you. I assumed in 


_ my original paper ‘Ueber die Richtung and die Manifeste Grosse der Potential— 


schwankungen etc.,’’ in the center of the triangle a ‘‘bipole,”’ that is to say, two 
points lying very close together and showing a potential difference. The triangle 
was supposed to be a homogenous sheet of conducting material and in regard to 
the distance between the two points of the bipole, of a large, let us say infinite 
extent. 

“*The applicability of this scheme to the ordinary leads of the human 
body depends indeed on the fact that the electrodes are at a relatively great 
distance from the heart. If they are placed near the heart the errors are greater 
and the more so the closer they get to the heart. Even in the case of the ordinary 
leads from the limbs the results cannot be absolutely exact.’ ”’ 

Several independent investigators’****"'° who have performed experiments on 
the cadaver to determine the validity of the equilateral triangle are agreed that 
the direction and relative magnitude of deflections in the limb leads are within 
close limits of the relationships expressed in the equilateral triangle theory. 
Others'"'"5 have compared the central terminal of the Einthoven, Fahr, and De 
Waart triangle with other central terminals, each connected to a set of three elec- 
trodes located equidistant from the heart and lying at the apices of a triangle 
enclosing it. All but Wilson and his associates observed that the potential differ- 
ences between the various central terminals were very close to zero. Wilson and 
co-workers found that the differences in potential did not exceed 0.15 millivolt. 
The immersion experiments” showed a greater degree of discrepancy. The 
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experiments of Wolferth and Livezey, in which they paired an exploring electrode 
with one placed over the spine of the right scapula and compared it to the Wilson 
central terminal method, show considerable discrepancy. 

Nowhere in the literature which pertains to the validity of the equilateral 
triangle theory has anyone shown that serious error may have been present 
in the experiments performed by Fahr and Weber, by Wagner, and by Johnston, 
Kossmann, and Wilson on cadavers and those of Wilson and Herrmann on the 
living dog. Until concrete proof is produced that the cardiac action potentials 
at the limbs deviate a considerable amount from the relationships expressed 
in the equilateral triangle theory, it is our contention that we are not too far 
wrong in assuming that a reasonably good similarity exists. That is, experi- 
mental data indicate that the deviations of the action potentials at the limbs from 
values indicated in the equilateral triangle theory are small enough to warrant 
clinical application of the theory. 

By mathematical procedure it can be proved that the principles funda- 
mental to the central terminal circuit are correct for unipolar electrocardiographic 
applications. This holds true only when the patient resistances in the three limbs 
are identical. Any dissimilarity of resistance at the three extremities modifies 
the central terminal potential and, in turn, the unipolar electrocardiogram. 


TABLE I. Errects oF Lims RESISTANCE ON LEAD IN A HYPOTHETICAL CASE 


RA PATIENT | LA PATIENT | LL PATIENT eS % ERROR IN 
METHOD RESISTANCE | RESISTANCE | RESISTANCE | POTENTIAL Vr LEAD 
(OHMs) (OHMS) (OHMs) (MILLIVOLTS)| (PER CENT) 


Theoretical 1,000 2,000 3,000 

10,000 ohm Wilson 1,000 2,000 | 3,000 —0.043 3.59 
5,000 ohm Wilson 1,000 2,000 | 3,000 | -0.077 6.42 
Goldberger 1,000 | 2,000 | 3,000 ~0.355 29.5 


In Table I are shown the results of our calculations on a hypothetical case 
when the patient resistance in the right arm due to skin resistance is 1,000 ohms, 
in the left arm, 2,000 ohms, and in the left leg, 3,000 ohms. In clinical electro- 
cardiography, it is not unusual to obtain even larger resistance differentials at the 
limbs.2'. Note how the central terminal potential deviates from the theoretically 
correct value by the use of the Wilson and Goldberger techniques. Obviously, 
the higher the value of the three fixed resistors, the less is the deviation of the central 
terminal voltage from zero. Because the central terminal voltage deviates from 
zero, the error present in the Wilson circuit with 10,000 ohm resistors is 3.59 
per cent, and when 5,000 ohm resistors are employed the error is increased to 
6.42 per cent; but when the Goldberger technique is employed, the error jumps 
to 29.5 per cent. In clinical electrocardiography an error of 6.42 per cent may 
not be too serious, but 29.5 per cent is enormous. Similarly, the magnitude of 
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error in unipolar chest leads due to the deviation of the central terminal voltage would 
be of the same order of magnitude. 

Dissimilar patient resistance in the limbs does not produce as much error in 
the augmented unipolar extremity leads as occurs in the unipolar extremity leads and 
in the unipolar chest leads. In Table II are shown our calculated errors in the 
aVr lead by the Wilson and Goldberger techniques. It so happens that the 
left arm patient resistance in this case was 2,000 ohms and the left leg was 3,000 
ohms. However, more error would be present if the left arm resistance were 1,000 
ohms and the left leg resistance unchanged. Such a resistance combination occurs 
in the aV, lead on this hypothetical patient. For comparison purposes we 
merely interchange the limb resistances and calculate the new value of aVr 
error which is given in Table II]. Under the more severe condition of limb resist- 
ance represented in Table III, the error in the Goldberger method is 8.38 per 
cent, as compared to 2.44 per cent when the Wilson method with 5,C00 ohm 
fixed resistors is used and 1.28 per cent with 10,009 ohm fixed resistors. 


II. Errects or DisstmiLar Limp RESISTANCE ON LEAD IN A HYPOTHETICAL CASE 


| 
RESISTANCE RESISTANCE AVR LEAD 


(OHMs) 


LA PATIENT | LL PATIENT ERROR IN 
METHOD 


(OHMs) (PER CENT) 


3,000 
3,000 


Theoretical 


10,000 ohm Wilson 


5,000 ohm Wilson 2,000 3,000 1.1 


| 
Goldberger | 2,000 3,000 | 3.3 


] 
LA PATIENT LL PATIENT | ERROR IN 
METHOD RESISTANCE RESISTANCE AVpr LEAD 
| (OHMS) (OHMS) (PER CENT) 


1,000 3,000 


0 


Theoretical 


10,000 ohm Wilson 1,000 3,000 1.28 
5,000 ohm Wilson 1.000 | 3,000 244 
Goldberger 1,000 | 3,000 | 8.35 


By similar mathematical procedure, the magnitude of error present in aug- 
mented extremity leads and unipolar chest and limb leads for various combina- 
tions of skin resistance in the three limbs may be calculated. This would be a 
rather lengthy procedure and is beyond the scope of this paper. 

By mathematical approach we have shown that the higher the resistances 
in the central terminal circuit, the less is the error that may be introduced by 
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dissimilar contact resistance at the limbs. Wilson appreciated this fact when 
he first used 25,000 ohms but discarded this value in favor of 5,000 ohms because 
of alternating current interference. By more modern electrical techniques, 
central terminal resistances of 200,000 ohms may be used with a negligible 
increase of interference pick-up. This is especially important when registering 
simultaneous unipolar leads or unipolar leads in conjunction with bipolar leads. 
The simultaneous registration of unipolar leads has been neglected and is much 
needed for a better understanding of the mechanism of production of these leads. 


CONCLUSIONS 


1. The experiments of Fahr and Weber, of Wagner, and of Johnston, Koss- 
mann, and Wilson on cadavers and those of Wilson and Herrmann on the living 
dog show that the cardiac action potentials at the right arm, left arm, and left 
leg are a very close approximation of the values expressed in the equilateral 
triangle theory of Einthoven, Fahr, and De Waart. To our knowledge, nowhere 
in the literature has anyone shown that serious error may have been present in 
these experiments. It is our contention, therefore, that we cannot be too far 
wrong in assuming that the deviation of the action potentials at the limbs from 
the values indicated in the equilateral triangle theory are small enough to warrant 
clinical application. 

2. When Wilson, Macleod, and Barker suggested the central terminal 
method for registering unipolar electrocardiograms, they stated that the accuracy 
of the method is dependent upon the validity of the equilateral triangle theory and 
Kirchhoff's laws of electric networks. We have found that dissimilarity of skin 
resistance under the extremity electrodes which comprise the central terminal are 
an important additional factor. 

3. lt may be shown by mathematical approach that the potential at the 
Wilson or Goldberger central terminal is zero only under the following conditions: 

A. If the equilateral triangle theory is 100 per cent correct. 

B. If the skin resistances under the extremity electrodes which comprise 
the central terminal circuit are identical in value. 


4. If the voltages at the limbs deviate a slight amount from the values 
expressed in the equilateral triangle theory, the central terminal potential is 
slightly removed from zero and the unipolar electrocardiogram is modified 
slightly. 

5. Dissimilarity of skin resistance under the three extremity electrodes is 
unavoidable in clinical electrocardiography. The use of fixed resistors as sug- 
gested by Wilson, Macleod, and Barker minimizes the degree of error. The 
Goldberger central terminal does not employ the three fixed resistors but depends 
upon the skin resistance only. Therefore, additional error may be introduced 
when the Goldberger technique is used for registering unipolar electrocardiograms. 

6. The Wilson central terminal may be used for registering augmented uni- 
polar extremity leads, The basic principle is exactly the same as that suggested 
by Goldberger. 
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7. Dissimilar skin resistance under the extremity electrodes which comprise 
the augmented central terminal does not introduce as much error in the aug- 
mented unipolar extremity leads as occurs in unipolar extremity leads and unipolar 
chest leads. 

8. Error in the augmented unipolar extremity leads due to dissimilar skin 
resistance under the extremity electrodes is less with the Wilson central terminal 
than with the Goldberger technique. 

9. If the Wilson central terminal is used for registering unipolar extremity 
leads, the exploring wire must be applied to an electrode other than the one which 
forms the central terminal. The separation between the two electrodes is un- 
important. Electrode paste must not communicate between the electrodes. 
If the Goldberger central terminal is used, the procedure is the same. Applica- 
tion of the exploring wire to the electrode which forms the Goldberger central 
terminal will register an isoelectric line, whereas the Wilson central terminal will 
register an augmented unipolar extremity lead which is reduced in magnitude. 


10. If precaution is used in the scrubbing of the patient, the Wilson 5,000 
ohm central terminal, operating in conjunction with an Einthoven string electro- 
cardiograph, will register reasonably accurate unipolar leads. 


11. Error may be introduced in unipolar electrocardiographic leads if the 
Goldberger central terminal is used. As far as we can see, there are no obvious 
advantages in eliminating the fixed resistors which make up the central terminal. 
The technique for registering augmented unipolar extremity leads suggested by 
Goldberger has definite merit, but better results are obtained theoretically if 
Goldberger's technique ‘is used with the Wilson central terminal. 
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TRANSIENT VENTRICULAR FIBRILLATION 


Il. THe Errects or GRADUALLY INDUCED OxYGEN DEFICIENCY ON PATIENTS 
WitH TRANSIENT VENTRICULAR FIBRILLATION AND ON PATIENTS 
Witu Periopic STANDSTILL OF THE VENTRICLE 


SIDNEY P. ScHwartz, M.D., GeorGe C. LEINER, M.D., 
AND R. J. Micutom, M.D.* 


New York, N. Y. 


HE purpose of this study was to determine the effects of gradually induced 
oxygen deficiency on patients subject to transient seizures of ventricular 
fibrillation. The alterations in the rhythm of the heart following anoxemia in 
such patients were compared with the changes in the cardiac mechanism of 
patients with auriculoventricular dissociation subject to recurrent attacks of 
standstill of the ventricles. Since the immediate factors that initiate transient 
seizures of ventricular fibrillation are still unknown, it was hoped that these 


experiments would yield some data on the coefficients responsible for this unusual 
mechanism in man. 


REVIEW OF LITERATURE 


Experimental Observations.—It is well established from experimental ob- 
servations that in the resting animal the earliest effects of anoxia on the heart 
result in an acceleration of the sinus rate.’? Wiggers* has recently pointed out 
that a progressive decrease in the respired oxygen volumes to about 12 per cent 
(which period he calls hypoxia and which corresponds to arterial blood oxygen 
saturation of about 75 per cent) always increases the flow of blood by redistribu- 
tion of blood flow and by cardiac acceleration. He attributes the increased car- 
diac rate to a decreased vagal tone, and perhaps to some direct effect on the 
sinoauricular node. When the oxygen in the inspired air falls below 12 per cent 
(which he calls the ‘‘true period of anoxia’’),a greater stroke volume occurs, there 
is a further increase in the velocity of ejection, and the economy of effort is 
enhanced. When the oxygen declines to 7 or 6 per cent, which corresponds to 
an oxygen saturation of the arterial blood between 50 and 35 per cent, a coronary 
crisis occurs. The arterial pressure declines abruptly, the pulse pressure is re- 
duced, the systolic pressure decreases, the venous pressure rises greatly, and 
various types of conduction and rhythm disturbances may occur. 


From the Medical and Pulmonary Divisions of the Montefiore Hospital for Chronic Diseases, New 
York City. 


*Assistant Resident in Medicine. 
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The delayed conduction of the normal cardiac impulse with progressively 
developing A-V dissociation has been attributed to the direct effect of the 
asphyxial state upon the A-V mechanism of the heart.*® It was found to be 
independent of the action of the vagus nerves, for it occurred in the atropinized 
animal as well as after section of the vagi.®’? In this state of anoxemia, the 
sinoauricular node of the mammalian heart was found to be as sensitive as the 
bundle of His. 


Resnik® also observed a predisposition of the auricles to fibrillate when these 
chambers of the heart were stimulated by a direct current in the presence of 
anoxia. He pointed out that a damaged heart, when subjected to anoxemia, 
may exhibit early a functional disturbance which will appear only in the presence 
of a more profound anoxemia in the normal heart. Both Resnik® and Criep® 
noted a definite tendency of the ventricles to fibrillate after the establishment 
of the various grades of block that appeared in the advanced stages of oxygen 
want. In Criep’s studies, ectopic ventricular beats preceded ventricular fibrilla- 
tion in the presence of both auricular and ventricular standstill, while auricular 
fibrillation appeared as an early manifestation. These profound alterations 
in the rhythm of the heart were found not only after the animal was deprived of 
an adequate amount of oxygen, but also in the course of anaphylactic reactions 
that ended in death. 


Clinical Observations——There are ample correlated observations on the 
effects of gradually induced oxygen want on the RS-T segments and the T waves 
of the electrocardiograms of individuals with normal hearts as well as on patients 
with angina pectoris, coronary insufficiency, and myocardial disease.!""* In the 
majority of effective responses to this form of anoxia, the electrocardiograms 
reveal a lowering of the RS-T segment below the isoelectric line and eventually a 
final negativity of T waves. However, there is only a single study in the litera- 
ture in which abnormal rhythms of the heart were emphasized as a finding during 
“extreme’’ oxygen want. 


In studying the response of the circulation in men to gradually reduced 
oxygen tension, Greene and Gilbert” observed an acceleration of the sinus rate 
during the earliest phases of oxygen reduction. This was usually followed by a 
marked sinus arrhythmia with a decrease in the amplitude of the main ventricular 
deflections and the size of the T waves. A slowing of the sinus rate followed this 
acceleration, in which the rate was lowered from an average of 110 beats per 
minute to 80 beats before there appeared the various grades of A-V conduction 
disturbances leading to partial and complete heart block. Occasionally there was 
standstill of the auricles. A drop in blood pressure observed at this stage of 
anoxemia was found to be independent of the changes in the rate and rhythm 
of the heart. Note should be made here that in four normal individuals the 
appearance of these far-advanced abnormal rhythms coincided with loss of mental 
attention, appearance of cyanosis, changes in respiration, loss of voluntary 
control, and, finally, loss of consciousness. All of these signs were transitory and 
disappeared immediately when the mask was removed. 
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METHOD OF STUDY 


Two patients who were experiencing transient seizures of ventricular fibrilla- 
tion and two patients with periodic standstill of the ventricles form the subjects 
of this study. In one patient recurring attacks of transient ventricular fibrilla- 
tion appeared after the development of transient periods of A-V dissociation 
in the course of a normal sinus mechanism. The other three patients had 
established A-V dissociation. 

These experiments were carried out at a time when it was certain that the 
patients had not had any changes in their cardiac mechanism for at least forty- 
eight hours. It was definitely determined from both a study of the heart and 
pulse rates, while the patients were connected to the electrocardiographic circuit, 
that the basic ventricular rate was fairly constant prior to the onset of the ex- 
periments, that is, that it did not vary more than five beats per minute. Two 
patients were in bed constantly and two were ambulatory. No drugs were ad- 
ministered for at least one week prior to these studies. All four patients had 
mild signs of congestive heart failure with shortness of breath and three had 
cyanosis of the lips and nail beds. 

One method of rebreathing was identical to that used by others in similar 
experiments.” The subject was placed in a reclining position and connected 
to a basal metabolism machine filled with room air and the carbon dioxide was 
removed by soda lime. Another method consisted of having the subject rebreathe 
in a small canvas bag filled with room air without the removal of the carbon 
dioxide. Continuous electrocardiograms were recorded prior to, during, and 
subsequent to the rebreathing periods. 

The experiments were terminated when such signs were observed as loss 
of mental attention and sustained voluntary control, intense cyanosis, or abnormal 
changes in the type of breathing. 


RESULTS 


The Effects of Anoxemia on Patients With Transient Ventricular Fibrilla- 
tion.—One woman showed a sinus rhythm and developed transient seizures of 
ventricular fibrillation after the onset of A-V dissociation. Rebreathing for 
only four minutes and thirty-seven seconds changed her sinus mechanism to 
one of heart block with the auricles beating 78 per minute and the ventricles 32. 
This type of A-V dissociation persisted after the termination of the experiment 
for several days before there was a return to the sinus mechanism. _ It is of interest 
to note that the heart block could also be readily induced in this patient by the 
intramuscular injection of epinephrine hydrochloride’ as well as by the intra- 
venous injection of digitalis bodies.'” 

In this woman and in another patient the effects of rebreathing were variable 
when the A-V dissociation had already been established. In the first case, re- 
breathing either in the basal metabolism machine or in the bag yielded no change 
in the cardiac rhythm except a slight acceleration of the auricles at the end of 
seventeen minutes when the experiment had to be discontinued because of dis- 
comfort. The ventricular rate remained unchanged. 
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In the other patient rebreathing was followed in the first four minutes by an 
acceleration of the basic auricular rate from 88.3 beats per minute to 100 beats. 
The ventricular rate in the meantime increased to 32.6 beats from a previous 
average of 30.7 beats (Fig. 1,4 and B). At seven and nine minutes, respectively, 


307. 


SEVEN MINUTES 


“NINE MI 


FIFTEEN MINUTES 


F SEVENTEEN MINUTES 


A 


BREATHING NORMALLY 


Fig. 1.—The successive alterations in the cardiac mechanism following rebreathing in a patient 
with A-V dissociation subject to transient seizures of ventricular fibrillation. Note the progressive 
increase in the auricular rate and the development of a short run of ventricular fibrillation, fifteen min- 
utes after rebreathing (E£). 


after rebreathing, the auricles beat at the rate of 107 per minute and the ven- 
tricles increased to 30 beats (Fig.1,C and D). Fifteen minutes after rebreathing, 
the auricular rate suddenly increased to 122.2 beats per minute and the basic 
ventricular rate was interrupted at first by single and then by alternate premature 
beats of the ventricles and finally by large aberrant ventricular oscillations that 
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resembled in every respect the prefibrillatory period observed in this patient prior 
to the onset of syncopal attacks due to transient ventricular fibrillation.1* The 
basic ventricular complexes were also aberrant, as compared with the deflections 
present before the onset of the experiment. Two minutes after the removal 
of the mask, the auricular rate was still 122.2 beats per minute, but the ventricular 
rate now averaged 30.7 beats and the rhythm was perfectly regular (Fig. 1,F). 
The ventricular complexes now resumed their original size and form. However, 
within two minutes, that is, nineteen minutes after the onset of the experiment, 
they changed shape again and became aberrant, even though the patient was 
breathing room air. The auricles then slowed to 100.7 beats and remained at 
this rate with a regular rhythm although the ventricles were now beating at only 
28.3 beats (Fig. 1,1). This type of cardiac mechanism persisted for several 
hours when finally there was a return to the same rate and rhythm that was 
present at the beginning of the experiment. 

Throughout the entire period of observation this patient did not lose con- 
sciousness and his only complaint was a slight precordial pain that set in with 
the appearance of the ventricular irregularities. The pain disappeared when the 
mask was removed. 


TWELVE AND A HA 


BREATHING NORMALLY 


Fig. 2.—The successive alterations in the cardiac mechanism following rebreathing in a patient 
with A-V dissociation subject to periodic standstill of the ventricles. Note the increase in the auricular 
and ventricular rates and the development of premature beats of the ventricles (D). 


The Effects of Anoxia on Patients With Periodic Standstill of the Ventricles.— 
In an ambulatory patient with periodic standstill of the ventricles in the course 
of established A-V dissociation, rebreathing for seven minutes in the basal meta- 
bolism machine increased the basic auricular rate from 75 beats per minute to 
93.7 (Fig. 2,4 and B). The basic ventricular rate was accelerated from 45 to 
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50 beats per minute. There was no essential change in the shape, size, or form 
of the basic ventricular deflections, which were of two distinct types, in the in- 
tervals when the patient was free from periodic standstill of the ventricles. 

After nine minutes of rebreathing, the auricular rate slowed to 75 beats per 
minute (Fig. 2,C) and increased again within three and one-half minutes to 100.7 
beats. Now the basic ventricular rhythm was interrupted by alternate premature 
beats of the ventricles and there was an increase in the width of the basic ven- 
tricular complexes which became markedly aberrant, as compared with previous 
deflections of the ventricles (Fig. 2,D). At this time the patient complained of 
pains in his chest, but he was not conscious of any change in his heart rhythm. 
His breathing was accelerated; there was a general increase in his cyanosis; 
and he asked to have his mask removed. 

Immediately the premature beats of the ventricles and the aberrant ven- 
tricular complexes disappeared abruptly. However, for the next few minutes 
there set in a peculiar irregularity of the ventricles in the presence of a regular 
auricular rhythm with the auricles beating at 93.7 beats per minute. The 
ventricular rate varied from 42.8 to 55 beats per minute. A coupled rhythm 
was present in which the alternate sphygmic intervals between the basic ven- 
tricular complexes were equal to each other (Fig. 2,£). The ventricular deflec- 
tions were variable in shape and size from beat to beat. This type of abnormal 
irregularity persisted for seventeen minutes before there was a return to the 
basic rate and rhythm which was present before the beginning of the experiment. 

In another patient with periodic standstill of the ventricles, rebreathing 
room air in a bag for sixteen minutes on one occasion and thirteen minutes on 
another, without the elimination of carbon dioxide by soda lime, resulted in a 
transient acceleration followed by a temporary slowing of the auricular rate, but 
there was no change in the rate or rhythm of the ventricles, which did not vary 
more than three beats per minute throughout the experiment. 


DISCUSSION 


These observations reveal that patients who are subject to transient seizures 
of ventricular fibrillation easily develop A-V dissociation when anoxia is induced 
in them by the rebreathing method in the presence of normal sinus rhythm. 
After the appearance of either transient or permanent A-V dissociation, progres- 
sively increasing oxygen want results in the development of short, recurring, 
and widely aberrant ventricular oscillations, which in their final analysis are 
short runs of ventricular fibrillation. In the patients observed in this study, 
these profound alterations in the rhythm of the heart appeared much earlier in 
the course of oxygen want than they did in normal individuals. This is likely 
due to the fact that these patients already had signs of mild congestive heart 
failure when the experiments were begun. It is known that congestive heart 
failure is accompanied by a lowered arterial and venous concentration of oxy- 
gen.!®2° Peters and Barr*! have observed changes in the dissociation curve 
for carbon dioxide and in hydrogen ion concentration of the blood in advanced 
heart failure, and Siebeck” noted unequal pulmonary expansion in cardiac in- 
sufficiency resulting in an imperfect mixture of gases in the lungs. 
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That progressive oxygen want is directly responsible for these abnormal 
ventricular irregularities may be gained from the simultaneous effects produced 
on the rate and rhythm of the auricles. There is at first an acceleration of the 
auricular rate and then at times there follows a transitory slowing. Occasionally, 
with increased anoxemia, there is a progressive acceleration of the auricles. 
This may be present for some time after rebreathing is stopped. The behavior 
of the auricular rate and rhythm during A-V dissociation is identical with that 
observed in anoxic experiments on individuals with normal sinus rhythm. 
It indicates that the changes in ventricular rate and rhythm must be due to the 
same operating factor, that is, reduced oxygen tension, and not to fortuitous 
circumstances. 

In comparison with these changes, it was noted that in patients in whom 
standstill of the ventricles was responsible for recurring syncopal attacks, re- 
breathing initiated only isolated premature beats of the ventricles, at times in the 
form of a bigeminal rhythm. Occasionally anoxemia influenced the A-V pace- 
maker so as to accelerate the ventricular rate irregularly. 

These arrhythmias of the ventricles following anoxemia suggest the possi- 
bility of using the rebreathing method for making a differential diagnosis of the 
underlying cardiac mechanism responsible for syncopal attacks in patients with 
A-V dissociation. In patients in whom standstill of the ventricles is the cause 
of syncopal attacks, rebreathing should result in the appearance of only isolated 
premature beats of the ventricles. In patients in whom transient ventricular 
fibrillation is the underlying cardiac rhythm, rebreathing should result in the 
appearance of short runs of ventricular fibrillation. 

Unfortunately, these experiments reveal a marked inconstancy in the re- 
sponse of the diseased human heart to progressively increasing oxygen want. 
In the same patient on some occasions rebreathing for only a very short period 
(four minutes) yielded profound disturbances in rhythm, whereas at other times 
longer periods of rebreathing (nineteen minutes) resulted in no changes at all. 
Furthermore, the presence of anginal pains following these tests and the general 
discomfort that rebreathing entails in an already breathless patient, makes this 
method an impractical test for this type of differential diagnosis. 

It is of some interest to speculate on the reasons why only those patients 
who are subject to transient seizures of ventricular fibrillation should respond to 
anoxemia with the appearance of a prefibrillatory period and ventricular fibrilla- 
tion. It certainly cannot be due to the pathologic conditions present in the hearts 
of these patients, for they all show some form of arteriosclerosis of the coronary 
arteries. It is established that the ischemia resulting from such coronary in- 
sufficiency enhances the tendency to develop ectopic foci.**** Anoxemia, as 
these observations prove, likewise facilitates the appearance of ectopic foci in the 
ventricles during all forms of A-V dissociation. It is possible that in patients 
subject to transient seizures of ventricular fibrillation, anoxemia may enhance 
myocardial irritability sufficiently so that these ectopic foci become effective 
when they fall during the ‘‘vulnerable phase”’ of an ectopic beat and thus initiate 
fibrillation.** In this respect anoxemia may be said to be one of the coefficients 
responsible for the development of ventricular fibrillation in man. 
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SUMMARY AND CONCLUSIONS 


1. Anoxemia was induced by the rebreathing method in two patients who 
were subject to transient seizures of ventricular fibrillation and in two patients 
with periodic standstill of the ventricles during auriculoventricular dissociation. 


2. In one patient who developed transient ventricular fibrillation during 
transient A-V dissociation, progressive oxygen want easily converted a normal 
sinus mechanism to one of A-V dissociation. In two patients, further rebreath- 
ing during established A-V dissociation resulted in an acceleration of the auricular 
rate and the development of short runs of ventricular fibrillation. 


3. In two patients who were known to have syncopal attacks due to periodic 
standstill of the ventricles, rebreathing resulted in an acceleration of the auricles 
with the appearance of premature beats of the ventricles. Occasionally the A-V 
rate became more rapid and irregular. 

4. The appearance of these arrhythmias following rebreathing was irregular 
and varied from four to nineteen minutes after the beginning of the experiment. 


5. Anoxemia is one of the factors responsible for the development of tran- 
sient seizures of ventricular fibrillation in patients who are subject to such seizures 
during A-V dissociation. 
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ON T WAVES NORMAL IN SIZE AND DIRECTION BUT ABNORMAL 
IN CONTOUR 


ALzAmoraA-Castro, M.D., CARLos Rusio, M.D., Gurpo BatTTILANa, B.S., 
AND RiIcarbo Susiria, B.S. 


ANY different abnormalities of the QRS complexes have been described, 
and a large number of these are easily recognized and have been shown 
to have a more or less precise significance. On the other hand, the different 
abnormalities of the T complex that have come to be widely recognized as dis- 
tinctive and as having a definite connotation are few. Abnormalities in the 
direction of the T wave have received a great deal of attention and several differ- 
ent varieties of inverted T waves are distinguished. Abnormalities of the size 
of upright T waves have also been described, although these are recognized with 
greater difficulty than abnormalities in the direction, and their meaning is less 
clearly understood. Comparatively little has been done toward the analysis of 
abnormalities of the shape of upright T waves, although it is known, for example, 
that potassium retention in some cases of uremia may give rise to a tall, pointed 
T wave of more or less distinctive outline.'? 

The purpose of this article is to call attention to certain types of upright 
T waves which differ in shape from normal T waves and become inverted under a 
variety of circumstances, alike in certain particulars. 


MATERIAL AND METHODS 


We have examined 100 normal electrocardiograms collected by Bryant.’ 
The ages of the subjects studied by him ranged from 19 years to 32 years. He 
recorded the standard and unipolar limb leads and precordial Leads V2 and V 4. 
We have taken in Lima and in Ann Arbor 100 additional electrocardiograms on 
normal subjects 20 to 75 years of age. This series includes seven precordial leads 
(Vi, Ve, V3, Va, Vs, Ve, and Ve), as well as the six limb leads. In 80 of these 
100 cases the effect of carotid sinus massage was investigated. In forty instances, 
all of the thirteen leads mentioned were taken before, and at least Leads I, II, 
Vr, Ve, V3, Va, V5, and V¢ were taken during this procedure. In the remaining 
forty cases it was studied in a smaller number of leads. The age of the subjects 
upon which this test was performed ranged from 20 to 75 years, with an average 
age of 37 years. The effect of carotid sinus massage upon the form of the T wave 


From the Hospital ‘‘Dos de Mayo,”’ Lima, Pera, the Medical School of University of San Marcos, 
and the Department of Internal Medicine of the University of Michigan Medical School. 

Many of the observations upon which this article is based were made with the assistance of a fellow- 
ship from the W. K. Kellogg Foundation and with the aid of grants to Doctor Frank N. Wilson from 
the Horace H. Rackham School of Graduate Studies and the S. S. Kresge Foundation. 
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was also studied in a series of 600 patients with various types of heart disease. 
In this group, tracings were taken only when inspection of movements of the 
galvanometer string shadow indicated that changes were taking place. Blood 
pressure readings were taken during the period of carotid sinus stimulation in 
many instances. When this procedure produced changes in form of the T wave 
the patient was kept under observation and additional tests were made during a 
period which varied from a few months to one and one-half years. All electro- 
cardiograms were taken with the patient in the recumbent position. The pre- 
cordial points from which leads were taken were carefully marked. All records 
were taken with an electrocardiograph of the string galvanometer type. 


OBSERVATIONS 


The T Waves of Normal Subjects.—I\n describing the T waves of the normal 
records, we may ignore the variations in the polarity and contour of this deflec- 
tion in Lead III and in Leads Vy, and V,, which are well known. We may also 
pass over variations of like kind in Leads Vr, V2, and Vg. The form of the T 
wave in the remaining leads (I, II, Va, Vs, Va, Vs, and V«) was much more 
constant. 

In all these leads, except Vr, the normal T wave is upright and has a more or 
less characteristic shape. The slope of its ascending limb is much more gradual 
than that of its descending limb (Fig. 1,4 to £). The normal T wave of Lead 
Vr would have the same shape if its direction were reversed (Fig. 1,F). The 
difference between the two limbs of the T wave is well brought out by dropping 
a perpendicular upon the base line from the apex of this deflection. The angle 
made with this perpendicular by the tangent of the first limb is much larger 
than that made by the tangent of the final limb (Fig. 1,4 to F). These angles 
were measured in approximately forty cases. Their absolute and relative magni- 
tudes vary greatly with the height and the shape of the apex of the T wave. 
For that reason we shall not present a detailed analysis of these measurements. 

In the vast majority of instances both limbs of the T wave were smooth and 
the changes in their slopes from point to point were gradual. The final slope was 
often followed by a U wave of small size. In ten normal subjects, 5 per cent, 
the T waves in one or more leads did not correspond to this description. In some 
cases the two angles mentioned were approximately equal, the peak of the T wave 
was unusually sharp or unusually blunt, notching was present, or some other 
peculiarity in form occurred. Unusual oscillations at the very end of the T wave, 
possible U waves, sometimes were observed. Because T waves showing these 
features occurred in only a small percentage of cases, we consider them atypical 
(Fig. 1,G to X). 


Atypical T Waves in the Electrocardiograms of Patients With Various Diseases.— 
In the tracings of patients with heart disease, atypical T waves were much 
more frequent than in the records of normal subjects, and the atypical features 
were much more pronounced. In many electrocardiograms of such patients the 
atypical T waves were frequently the only peculiarity suggesting that the heart 
was abnormal. We have, however, no reliable statistical data upon which an 
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accurate estimate of the frequency of atypical T waves in tracings of patients with 
heart disease can be based. They were encountered under a variety of conditions. 
They occurred in precordial leads taken from points near those which yielded 
inverted T waves, and were found in tracings taken during attacks of angina 
pectoris' and in tracings taken after exercise tests.’ Similar deflections were 
found in the tracings of patients who were convalescing from acute illness or 
who were suffering from a severe metabolic disorder, frequently when the heart 
was known to be involved. Atypical T waves often seemed to be associated 
with a prolongation of the Q-T interval, but in many such instances the end of 
the T waves could not be determined with sufficient accuracy to make it possible 
to measure this interval satisfactorily. 


Carotid Sinus Stimulation.—In normal subjects carotid sinus stimulation 
produced slight variations in the amplitudes and contour of the T wave: In no 
instance did it alter the polarity of this deflection. The maximal change in am- 
plitude was 1.1 mm. and the average change was 0.2 millimeter. In 52 per cent 
of the cases no modifications of the T wave were observed. Naturally, brady- 
cardia occurred in practically all instances. 

In the electrocardiograms of patients with cardiac abnormalities inverted 
T waves often became more inverted during carotid sinus massage. In only two 
cases did such T waves become upright. In Lead Vr, in which the T wave is 
normally inverted, any change which occurred was opposite in character to those 
which took place in the leads from the left side of the precordium. Atypical 
upright T waves of the kind described in the preceding paragraph often became 
inverted during carotid sinus stimulation. Sometimes the inversion was confined 
to the terminal part of the deflection and was of the V-shaped type. We may 
leave out of consideration here such changes in the T waves as accompanied 
the development of an independent ventricular rhythm. This phenomenon 
seldom occurred. 

Carotid sinus massage induced, of course, both bradycardia and a fall in 
the blood pressure. It is impossible to say whether the T-wave changes observed 
were due directly to the change in the heart rate, to the change in the blood 
pressure, or to these combined with other factors.*? In many cases of chronic 
heart disease in which T-wave changes were observed following carotid sinus 
stimulation, serial electrocardiograms were taken over a period of several months. 
In some of the instances in which carotid sinus stimulation produced temporary 
inversion of previously upright T waves, persistent inversion of these deflections 
was observed days or weeks later. In other cases, T waves which were persistently 
inverted when the patient was first seen became upright later, and in many such 
instances temporary inversion could then be induced by carotid sinus stimulation. 
We may, therefore, say that carotid sinus stimulation frequently produces tem- 
porary changes in the T waves of the kind that will become persistent subse- 
quently, or temporary T-wave changes of a kind that were persistent in the past.* 


The leads in which the T waves became inverted on carotid sinus stimulation 
were rather constant for the same individual, but varied from one patient to 
another. This suggests that the phenomenon under consideration is determined 


4 
hs 
ae 
ve 


ALZAMORA-CASTRO ET AL.: NORMAL AND ABNORMAL T WAVES 


See text for explanation. 


Fig. 2.—Electrocardiograms in Case 1. 
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by the underlying condition of the heart, and even by conditions existing locally 
in the myocardium. In some cases in which the T waves were extremely labile, 
it was possible to change the polarity of this deflection at pleasure.’ 

During carotid sinus massage the T waves of some hypertensive individuals 
became inverted when the heart rate was relatively fast and the blood pressure 
was still above the normal range. In such cases the T-wave changes cannot be 
ascribed to abnormal variations in the heart rate or in the blood pressure. That 
carotid sinus stimulation can exert direct effects upon the ventricular myocardium 
seems improbable because all attempts hitherto have failed to demonstrate any 
direct action of the vagus nerves on the ventricular muscle. Sometimes the 
inversion of the T waves induced by massage of the carotid sinus region persisted 
for a considerable period and only became upright when the heart rate and the 
blood pressure had returned approximately to their original levels. 

Frequently the inversion of the T waves produced by carotid sinus stimula- 
tion was the sole electrocardiographic abnormality detectable, but the suspicion 
that the heart was abnormal which it aroused was supported by the clinical 
data. The most striking changes in the T waves were recorded in patients with 
arteriosclerotic and hypertensive heart disease, but the same phenomena were 
occasionally observed in syphilitic, rheumatic, and congenital heart disease.*’7 


ILLUSTRATIVE CASES 


Case 1.—The patient was a man, aged 55 years, whose blood pressure had been elevated for 
several years. The electrocardiograms taken on Sept. 10, 1945, were not definitely abnormal, 
but the contour of the T waves as atypical, particularly in Lead V, (Fig. 2). On carotid sinus 
stimulation, these atypical T waves became inverted (V,cc). On the following day the patient's 
clinical condition and the deflections of the limb leads were unchanged, but the T wave was 
inverted in Lead V, and flat in Leads V; and V,. Carotid sinus stimulation increased the depth 
of the inverted T wave in Lead V, (V4, ¢ c ), but produced no changes in the other leads. After 
exercise the patient complained of retrosternal oppression and the T waves in Lead V,4 became 
upright (V4, e); at this time, however, the T waves of the complexes which followed compensatory 
pauses due to extrasystoles were flat or showed slight terminal inversion. All of the T waves 
were inverted when the effect of the exercise had worn off. Serial electrocardiograms taken at 
intervals over a period of one year showed striking changes in the shape of the T waves not asso- 
ciated with changes in the patient's clinical status. 


Case 2.—The electrocardiograms reproduced in Fig. 3 are those of a man, aged 53 years, who 
had hypertensive heart disease. In the records taken on Sept. 25, 1947, the T waves are flat 
in Lead II and slightly inverted in Lead Vr. The Q-T interval is somewhat prolonged and, 
following long postextrasystolic diastoles, there is flattening of this deflection in Lead I. In the 
tracings of the following day the T waves of precordial Leads V, and V, were somewhat atypical 
before and definitely inverted during carotid sinus stimulation (V, c ¢ and V.¢ ¢ c); stimulation 
also induced moderate changes in the T deflection in Lead V4 (V4 ¢ c). 


Case 3.—The electrocardiograms reproduced in Fig. 4 are those of a man, aged 51 years, 
with hypertensive heart disease. The tracing of May 5, 1946, shows left axis deviation and 
flat T waves in Lead II. On Jan. 14, 1947, one month after splanchnicectomy, the T waves were 
taller and the heart rate was faster. On Oct. 25, 1947, electrocardiograms were taken before 
and after carotid sinus stimulation. The classical limb leads labelled a were taken before and 
the tracings 6 during carotid sinus stimulation. The precordial leads were apparently normal, 
but the T waves in Leads V, and V, were atypical, and of the type that very often become in- 
verted during carotid sinus stimulation. During carotid sinus massage the heart rate decreased, 
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Fig. 3.—Electrocardiograms in Case 2. See text for explanation. 
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Fig. 4.—Electrocardiograms in Case 3. See text for explanation. 
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the blood pressure fell from 160/110 to 122/88, and the T waves became inverted in these leads 
(Vygcecand Vscc). In Lead V, the T deflections became nearly isoelectric The tracing 
marked V4 e was recorded after moderate exercise. Here the T waves are upright but atypical. 
In the electrocardiograms taken a few hours later the T waves were flat in Leads II, V4, Vs, 
and Vr. 

CasE 4.—The patient was a man, aged 62 years, who was having severe attacks of angina 
pectoris. The electrocardiograms showed inversion of the T waves which became more pro- 
nounced during carotid sinus stimulation. The complexes reproduced in Fig. 5 were selected 
from a continuous tracing taken during an attack of angina pectoris. During the attack the T 
waves became upright and there was slight downward displacement of the RS-T junction. The 
Q-T interval was considerably prolonged while the T wave was upright, and this deflection was 
definitely atypical in form. Note that it is distinctly notched and that the final limb falls very 
slowly. In other electrocardiograms taken on the same patient during attacks of angina pectoris, 
reversal of polarity of the T waves was observed with simultaneous pronounced RS-T displace- 
ment. In Lead Vp the displacement was upward and was accompanied by terminal inversion 
of the T wave; in Leads V3, V4, V5, and V, the displacement was downward and the terminal 


part of the T wave was upright. 


8.6.45. 


Fig. 5.—Electrocardiograms in Case 4. The complexes reproduced were selected from a continuous 
tracing taken during an attack of angina pectoris. During the attack the T waves became upright 
and these deflections were definitely atypicai in form. The Q-T interval was considerably prolonged 
while the T deflection was upright. 


Case 5.—A 56-year-old man complained of pain in the left upper quadrant of the abdomen. 
The blood pressure was 190/130 and there was a history of mild angina pectoris. Electro- 
cardiograms taken on Aug. 20 and Sept. 1, 1946, were similar to those taken on Sept. 3, 1946, 
which are reproduced in Fig. 6, a. The T waves are flat in all the limb leads and inverted in 
precordial Leads V3, V4, Vs, and V.. Prolonged carotid sinus massage produced moderate 
bradycardia, and a fall in the blood pressure to 120/80 for a period of at least one-half hour. 
During this time the T waves became progressively more inverted in the precordial leads, the 
previously isoelectric deflections in Leads I, II, and III became inverted, and those of Lead Vz 
became upright (Fig. 6, 6). Moderate exertion produced tachycardia, with a rise in the blood 
pressure to 240/140. The T waves became upright. Tracing V3, e shows a series of complexes 
from a continuous tracing. The first strip is the control and the other strips show the progression 
of the changes following the exercise test. On Sept. 18, 1946, the patient felt stabbing pain in 
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Fig. 6.—-Electrocardiograms in Case 5. The electrocardiograms labelled a were taken before, 
and the tracings b during prolonged carotid sinus massage. Tracing V3, e shows the progression of the 
changes following an exercise test. The electrocardiograms labelled c were taken several hours after 
an episode suggesting myocardial infarction. 
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the left upper quadrant with radiation to the left arm and precordium. On the following day his 
condition was precarious; shock was severe and the blood pressure fell to 120/75. The electro- 
cardiograms taken at this time showed a pronounced reduction in the size of the R waves in Leads 
\V, and V3, slight upward displacement of the RS-T segment in Lead V3, and deep Q waves in 
Leads II, III, and Vy. The most striking change, however, was the reversal of polarity of the 
T waves in all leads (Fig. 6, c). This pnenomenon was observed in a series of electrocardiograms 
taken during a one-half hour period. <A fresh anteroseptal myocardial infarction was suspected. 
The patient died eighteen hours later. The autopsy showed general arteriosclerosis and fresh 
myocardial infarction. The lower part of the septum and a small area in the anterior ventricular 
wall were affected. The subendocardial layers and papillary muscles were predominantly in- 
volved. The necrotic process was found to be more advanced in some places than in others. 
The coronary arteries, chiefly the anterior descending branch of the left coronary, were partially 
occluded. There was, however, no complete coronary occlusion. Nearly two liters of blood were 
found in the left pleural cavity, the hemothorax being due to the rupture of an aneurysm of the 
descending aorta. 


DISCUSSION 


In the electrocardiograms of normal persons the contour of the T waves 
varies within rather narrow limits. In the tracings of patients with obvious or 
suspected heart disease, however, T waves of atypical shape are fairly common. 
Many of these atypical T deflections become inverted during carotid sinus pres- 
sure, after long postextrasystolic diastoles, or in the course of time even when 
there has been no definite change in the patient’s clinical status. On the other 
hand, inverted T waves, particularly those in which the inversion is sharp and 
terminal, are often converted into atypical upright T waves by exertion, or other 
circumstances which increase the load upon the heart. The same reversal in 
polarity may occur during an attack of angina pectoris or even in the course of 
myocardial infarction. The changes in the T waves under consideration may be 
accompanied by changes in the level of the RS-T junction. They are not second- 
ary to changes in the form of the QRS complex. Consequently, these T-wave 
changes are of the kind called primary by Wilson and Finch’; they depend upon 
changes in the ventricular gradient,’ or, in other words, upon variations in the 
repolarization process, presumably dependent upon factors which affect the 
ventricular myocardium locally. 

In 1931, Wilson, Macleod, and Barker® pointed out that in normal subjects 
the ventricular gradient points from the base toward the apex of the heart and 
suggested that this means that the average length of systole is greater in the 
base of the heart than at the apex, or greater on the inner than on the outer aspects 
of the ventricular walls, or both. 

Recently a number of investigators have published electrocardiograms ob- 
tained by introducing an exploratory electrode into the cavity of the human right 
ventricle."'2-"5 When the heart is normal the T waves inscribed in such leads 
are sharply and deeply inverted. In leads from the right side of the precordium, 
the ORS deflections are similar in general outline to those of the internal leads, 
but the T waves are strongly positive. It is evident, therefore, that although the 
subendocardial muscle of the right ventricle passes into the active state in advance 
of the subepicardial muscle, it passes out of this state later. In other words, the 
duration of the excited state is longer on the inner than on the outer aspect of 
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this wall. Whether or not this is also true of the left ventricular wall is uncer- 
tain. The T wave is normally sharply inverted in Lead Vp, which presumably 
reflects the potential variations of both of the ventricular cavities, and this 
strongly suggests that the cavity of the left ventricle, like that of the right, is 
negative during the inscription of this wave. It is true that Wilson and Herr- 
mann," in experiments in dogs, found that the deeper layers of the left ventricular 
wall pass out of the refractory period earlier than the superficial layers. In their 
experiments, however, the heart was exposed, and cooling and drying of the epi- 
cardial surface may have increased the duration of the excited state of the outer- 
most layers of the muscle. There are, furthermore, no data bearing upon the 
form of the T deflection in direct epicardial leads or in leads from the ventricular 
cavities in these experiments. Byer, Ashman, and Toth" in experiments in dogs 
in which the chest was not opened have shown that cooling the endocardial sur- 
face of the heart prolongs the Q-T interval and greatly increases the size of the 
normally upright T waves in leads from the precordium. 

We may conclude, tentatively, that the duration of the excited state is 
greater on the inner than on the outer surface of the ventricles, and, consequently, 
that the cavities of both ventricles are negative and the epicardial surfaces of 
both ventricles are positive during the inscription of the T deflection. If this is 
the case, reversal in polarity of the T wave is the result of a change in the relative 
length of systole on the two surfaces of the ventricular walls. No detailed explana- 
tion of this phenomenon is possible until we know what factors determine the 
normally greater duration of systole on the inner aspect of the ventricular walls, 
and how they are modified by various procedures. Some of the factors that 
come to mind are: blood supply, temperature, the influence of the vegetative 
nervous system, differences in tension in the various parts of the ventricular walls 
during ventricular contraction, and inherent differences in the muscle of different 
parts of the myocardium. There are at the present time few data bearing upon 
the influence or lack of influence of these factors or of others that may be involved. 
It has, however, been shown that local ischemia of the ventricular wall, pro- 
duced by compression of a coronary artery, induces sharp inversion of the T 
waves in direct leads from the epicardial surface.'’ It has not been shown that 
the T waves of unipolar cavity leads are affected in the opposite manner, although 
it seems probable that this is the case. A more severe grade of ischemia leads to 
elevation of the RS-T segment in the epicardial leads and presumably to down- 
ward RS-T displacement in the cavity leads. 

In a case of syphilitic aortitis reported elsewhere, the coronary blood flow 
was evidently greatly decreased. During life the patient had very frequent 
attacks of anginal pain. The autopsy showed that the coronary ostia were almost 
completely obliterated although the coronary arteries themselves were not in- 
volved. There was extensive necrosis of the subendocardial muscle of the left 
ventricle including that of the septum and the papillary muscles. In the right 
ventricular wall, patchy necrosis was present.'? The subendocardial arteriolar 
plexus, described by Gross,'* and the Thebesian vessels did not prevent necrosis, 
and only the Purkinje network remained undamaged.'’ These findings suggest 
that when the coronary circulation is uniformly impaired, lesions are likely to 
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occur in those places where systole is thought to be longest in normal subjects. 
It is probable that the physiologic, mechanical, and circulatory conditions are 
not entirely uniform throughout the left ventricular walls.!7°?° During the 
attacks of angina pectoris in this case, the electrocardiographic abnormalities 
consisted of downward displacement of the RS-T segment in the leads from the 
left side of the precordium and upward RS-T displacement in Lead Vp. Similar 
electrocardiographic changes have often been recorded during attacks of angina 
pectoris,!~* and there is some evidence that when anginal seizures are severe 
and persistent, necrosis of the subendocardial layers of the left ventricle is not 
infrequent. In 1932 Buchner** demonstrated that in the hearts of patients with 
angina pectoris necrosis was confined chiefly to the inner layers and papillary 
muscles of the left ventricle. Other studies have confirmed these observations, 
and RS-T displacement of the type described has been related to subendocardial 
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injurie 

The reversal of polarity of inverted T waves in the precordial leads during 
attacks of angina pectoris and the downward displacement of the RS-T segment 
accompanying it strongly suggest ischemia of the subendocardial muscle of the 
left ventricle.!” In one case in which this phenomenon was present, necrosis 
affecting chiefly the subendocardial and papillary muscles of the left ventricle 
was observed.'® Sodi-Pallares, Vizcaino, Sober6én, and Cabrera’ have reported 
a case in which the inversion of the T wave in a lead from the right ventricular 
cavity became more pronounced during a spontaneous attack of angina pectoris. 
They ascribed this phenomenon to subendocardial ischemia. 

We have shown that exertion and carotid sinus stimulation may reverse 
the polarity of the T waves under certain circumstances. Both have pronounced 
effects upon the heart, mediated at least to a large extent, through the vegetative 
nervous system. It is, therefore, difficult to say whether the changes in the 
T waves which they induce depend directly upon the changes in the heart rate 
and its effects upon coronary blood flow, upon the mechanics of cardiac con- 
traction, tension in ventricular walls, and so forth, or whether these effects are 
primarily due to alterations in sympathetic and vagal tone. Segers*! has shown 
that mechanical factors such as the tension in the cardiac walls, and chemical 
factors such as the concentration of adrenalin, acetylcholine, potassium, and 
calcium have important effects upon the monophasic electrogram of the frog’s 
heart and particularly upon the cardiac afterpotentials.*' We have no data which 
justify any conclusion as to the exact mechanism by which exertion or carotid 
sinus stimulation produce the electrocardiographic effects described. 


SUMMARY 


In normal subjects the polarity and contour of the T waves are relatively 
constant. Atypical T waves of normal polarity occur only occasionally in the 
tracings of normal subjects, but are common in the electrocardiograms of patients 
with heart disease. 

In many instances the behavior of these atypical T waves and the previous 
or subsequent clinical status of the patient indicate that the myocardium is 
abnormal. 
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During carotid sinus stimulation and after long postextrasystolic diastoles, 
many of these atypical upright T waves become inverted. On the other hand, 
many inverted T waves are converted into atypical upright T waves by exertion 
or angina pectoris. 

In some cases atypical upright T waves furnish the only objective evidence 


that the heart is not normal. 


We are deeply indebted to Dr. Frank N. Wilson for his helpful suggestions. We also desire 
to express our thanks to Dr. F. D. Johnston and Dr. J. M. Bryant for their kind interest in the 
preparation of this paper. 
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CATHETERIZATION OF THE CORONARY SINUS IN MAN 


James W. CuLsertson, M.D., Meyer H. M.D., AND 
Ropert W. WILKtns, M.D.* 


Boston, Mass. 


HE technique of intravenous catheterization in man! is invaluable for 

clinical and physiological studies because it enables one to measure the 
pressure and sample the blood in the major vessels leading from the brain, liver, 
kidney, or right side of the heart. Cardiac and pulmonary arterial catheteriza- 
tion is performed most frequently in order to diagnose congenital defects of the 
heart or to determine cardiac output by the direct Fick method. In the course 
of such studies in this laboratory the catheter tip was placed inadvertently in 
the coronary sinus, without ill effect, in four of a series of twenty-five consecutive 
patients. The purpose of this communication is to report these cases and the 
data obtained concerning the pressure relationships and the oxyhemoglobin 
saturation of the blood in the human coronary sinus. 


METHODS 


Intravenous catheterization was performed with a Number 9 USCI car- 
diac and large vein catheter,} which was inserted into a tributary of the right 
basilic vein and passed via the basilic, axillary, subclavian, and innominate veins 
and the superior vena cava into the right atrium, ard from there presumably 
into the right ventricle. An indwelling 18 gauge needle was inserted through 
procainized skin into the femoral artery. Pressures were taken with Hamilton 
manometers,”? while high frequency ballistocardiograms* and pneumograms were 
recorded by suitable tambours in the same optical system. After preliminary 
clearing of the catheter and needle of saline or sodium citrate solution by the 
withdrawal of ample amounts of blood, venous and arterial samples were taken 
in oiled syringes containing sufficient heparin solution (1 per cent) to fill the dead 
space in the tip. The samples were handled anaerobically and stored over mer- 
cury in a refrigerator. They were analyzed in duplicate within eight hours for 
content of oxygen by the technique of Van Slyke and Neill. The allowable 
difference in duplicate analyses was 0.10 volume per cent. Hematocrit deter- 


Presented before a meeting of the New England Heart Association, Boston, Mass., March 31, 1947 
(Proc. New England Heart Assoc., 1945-1947, pp. 58-59). 

*From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine, 
Boston University School of Medicine, Boston, Mass. 

+These catheters are manufactured in various sizes (French scale) by the United States Catheter 
and Instrument Corporation, Glens Falls, N. Y. Since these observations were made, No. 10 catheters 
bave proved to be more generally satisfactory for routine cardiac, hepatic, and renal catheterization 
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minations also were made in duplicate on each sample in order to exclude errors 
caused by possible slight dilution of the sample withdrawn through the catheter. 
Any necessary small corrections were included in calculation of the venous 
oxyhemoglobin saturation and the arteriovenous oxygen difference. 


CASE REPORTS 


CasE 1.—A 52-year-old woman entered the hospital with a scabious dermatitis and mild 
diabetes mellitus which was controlled by dietary means alone. The cardiovascular system was 
essentially normal. In the course of an attempt to measure the cardiac output by the direct 
Fick method (Nov. 8, 1946) the catheter tip was placed in a position thought to be near the conus 
arteriosus of the right ventricle. However, when subsequent analysis of the three samples of 
blood withdrawn through the catheter revealed their oxyhemoglobin saturation to be surprisingly 
low and the calculated cardiac output to be absurdly small, it was suspected that the catheter 
tip had been elsewhere (Table I). Moreover, the photographic record of pressure changes trans- 
mitted through the catheter manifested an unfamiliar pattern (Fig. 1). 


DEEP CORONARY SINUS REMOVED | CM. NO KNOWN CHANGE 


TIME INTERVALS 0.1 SECOND 


Fig. 1.—Optical records of respiration (expiration upward), ballistocardiogram, coronary venous 
pressure, and femoral arterial pressure in Case 1. The pressure scales are in mm. Hg (Hamilton mano- 
meters). The first record was taken with the catheter tip probably in a venous tributary of the cor- 
onary sinus. Before the second record the catheter had been withdrawn slightly. Before the third 
it had not been manipulated. 


Case 2.—A 25-year-old woman entered the hospital for diagnostic studies of a suspected 
patent ductus arteriosus. Complete cardiac catheterization was carried out (Jan. 17, 1947) 
and blood samples and pressure tracings were taken from the pulmonary artery, its right and left 
branches, the lower portion of the right ventricle, the right atrium, and the superior and inferior 
venae cavae (Fig. 2). To rule out the possibility of a high ventricular septal defect, the catheter 
tip was then advanced from the right atrium into a position supposedly in the conus arteriosus 
of the right ventricle, and blood was drawn for analysis. Instead of a higher oxygen content 
than the other ventricular, atrial, and vena caval samples, this blood showed an exceptionally 
low value inconsistent with the others and quite out of the normal range (Table I). On this 
occasion the true position of the catheter in the coronary sinus was not known during the pro- 
cedure but was suspected when the blood analysis revealed the low oxygen content. Thereafter, 
the entrance of the catheter into the coronary sinus was recognized as it occurred during fluoros- 
copy. 


Case 3.—A 26-year-old man entered the hospital for study of mild essential hypertension. 
Three and one-half years previously he had undergone a limited bilateral lumbodorsal sympa- 
thectomy (Smithwick). At the time of this study (Feb. 4, 1947) the heart was normal in size 
by radiographic measurement, the electrocardiogram was interpreted as being within normal 
limits, and the sphygmomanometric arterial pressure was 140-155/95-110. In the course of 
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a cardiac catheterization performed for the estimation of cardiac output, the tip was placed in 
the coronary sinus, where its position was recognized, and pressure tracings (Fig. 3) and blood 
samples (Table I) were taken. 


Svc RV PA RBPA cs 
40- 
mm 30 
7 


Fig. 2.—Slow optical records of pressures obtained with the catheter tip at various sites in Case 2. 
SVC, superior vena cava. RA, right atrium. RV, right ventricle. PA, pulmonary artery. RBPA, 
right branch of pulmonary artery. CS, coronary sinus. Note the mechanical disturbances produced 
by ventricular systole. 


CORONARY SINUS RIGHT VENTRICLE CORONARY SINUS 


BCG 


RESPIRATION 
CARDIAC 


ARTERIAL 
PRESSURE 
mm. Hg 


TIME INTERVALS O11 SECOND 


Fig. 3.—-Optical records from Case 3. Coronary sinus tracings arranged for comparison with right 
ventricular pulse waves. Notations as in Fig. !. 


DEEP LEFT 
CORONARY SINUS RIGHT ATRIUM PULMONARY ARTERY RIGHT VENTRICLE 


BASE 
ARTERIAL 140- 
60- 


TIME INTERVALS 0.1 SECOND 


Fig. 4.—Optical records from Case 4. Coronary sinus tracing arranged for comparison with those 
from the right atrium and ventricle, and one taken from a small distal branch of the pulmonary artery 
in the Jeft lung. Notations as in Fig. 1. 
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Case 4.—A 15-year-old boy entered the hospital for diagnostic studies of congenital 
heart disease. The heart by x-ray study was within normal limits of size and shape except for 
moderate prominence of the right atrial and ventricular shadows. There was a loud systolic 
and a questionable early diastolic murmur over the base of the heart, and the sphygmomano- 
metric blood pressure was 130/80. At the beginning of a diagnostic cardiac catheterization 
(March 7, 1947) the tip entered the coronary sinus, where pressure tracings (Fig. 4) and blood 
samples (Table I) were taken. During the subsequent catheter exploration, evidence was ob- 
tained indicating the presence of a patent ductus arteriosus and moderate pulmonary stenosis. 


SIGNS OF CATHETERIZATION OF THE CORONARY SINUS 


1. Fluoroscopic A ppearance.—The characteristic behavior of the catheter 
tip under fluoroscopic visualization after entering the coronary sinus was one 
of the most helpful signs in determining its true position in that venous channel 
or one of its tributaries. In an ordinary cardiac catheterization the catheter 
is thrust smoothly ahead until its gently curved tip lies in the right atrium. 


Fig. 5.—Diagram of a spot roentgenogram taken to show the left anterior oblique fluoroscopic 
view of the heart in Case 4 with the catheter in the left branch of the pulmonary artery. When the 
catheter tip was advanced farther downward and outward into the pulmonary field, highly oxygenated 
pulmonary ‘‘capillary"’ blood was obtained. 


The tip then is passed toward the left and downward through the atrioventricular 
orifice until it reaches the diaphragmatic or apical wall of the right ventricle and 
is deflected upward toward the pulmonary semilunar valves. It then can be 
passed without resistance into the pulmonary artery (Fig. 5). By contrast, 
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whenever the catheter tip was passed from the atrium into the orifice of the 
coronary sinus, which is situated on the atrial septum just posterior to the 
tricuspid ostium and anterior to the rudimentary valve of the inferior vena cava, 
it moved immediately to the left and upward in an oblique direction along the 
coronary sulcus, or atrioventricular groove (Fig.6). It encountered considerable 
resistance as it approached the left border of the cardiac silhouette and, if forced, 
failed to advance but caused the portion of the catheter within the atrium to 
buckle and form a loop. If it was withdrawn a few centimeters and advanced 
again, it followed exactly the same course repeatedly. To change its direction 
one had to withdraw the tip completely into the atrium and seek another route. 


BOO 


Fig. 6.—Diagram of a spot roentzenogram taken to show the posteroanterior view of the 
heart in Case 4 with the catheter in the coronary sinus. 


2. Oxyhemoglobin Saturation of Coronary Sinus Blood.—The second char- 
acteristic sign of catheterization of the coronary sinus was the low oxyhemoglobin 
saturation of the blood obtained through the catheter. This was immediately 
recognizable grossly from the markedly dark color of the blood as it was with- 
drawn into the syringe, exceeding that obtainable from any other site in subjects 


at rest. 
On analysis in the Van Slvke apparatus, the oxygen content of these samples 
of coronary venous blood was found to be extraordinarily low, while the arterio- 
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venous oxygen difference was correspondingly high (Table 1). Thus, in the four 
cases here reported the oxyhemoglobin saturation of the coronary sinus blood 
was 31, 23, 41, and 26 per cent and the arteriovenous oxygen difference was 12.3, 
11.8, 11.7, and 11.3 volumes per cent, respectively. These values are in striking 
contrast with the mean oxyhemoglobin saturation of 73 (standard deviation 
+ 4.3) per cent and the average arteriovenous oxygen difference of 4.05 (standard 
deviation +0.65) volumes per cent in samples of mixed venous blood obtained 
in this laboratory from the pulmonary artery or right ventricle of fifty normoten- 
sive or hypertensive patients without cardiac failure and at rest (Fig. 7). The 
markedly greater range of the values for oxyhemoglobin saturation as compared 
with arteriovenous oxygen difference of the coronary venous samples in these 
four cases is explained by their differences in oxyhemoglobin capacity (Table 1). 


16 MIXED VENOUS BLOOD 16 
MIXED VENOUS BLOOD 
2 3 
w 
« 
6F u 6k 
CORONARY CORONARY 
2b VENOUS BLOOD VENOUS BLOOD 
ee 
i. i i i i i i i iL i i i i 
3 5 7 9 ut 13 20 40 60 80 
ARTERIO- VENOUS O2 DIFFERENCE (VOLS %) OXYHEMOGLOBIN SATURATION (%) 


Fig. 7.—-Charts illustrating comparative values and frequency distributions of the oxyhemoglobin 
saturation and the arteriovenous oxygen difference of coronary venous blood (in four cases) and of 
mixed venous systemic blood (in fifty normotensive and hypertensive subjects at rest and without 
cardiac failure). 


3. Blood Pressure Within the Coronary Sinus.—The third sign which 
was helpful in identifying the position of the catheter tip within the coronary sinus 
was the character of the pressure tracings obtained with the Hamilton manometer. 
The pressures recorded from the sinus were usually low (0 to 15 mm. Hg) and 
varied rhythmically with respiration (Figs. 1 and 2). In this respect they re- 
sembled tracings obtained with the tip in the atrium, but they were dissimilar 
in that they ranged slightly higher and did not show the characteristic auricular 
pulses (Fig. 4). Instead, they usually were marked by three series of waves or 
vibrations, the first and smallest of which appeared with the atrial contraction and 
frequently continued to the second series, with ventricular contraction, while the 
third appeared with or just after the peripheral arterial pulse (Figs. 1, 3, and 4). 
These vibrations usually bore little resemblance to the larger, more sustained 
systolic pressure waves recorded from the right ventricle or the pulmonary artery. 
However, in Case 1 (Fig. 1), in which the catheter tip undoubtedly was advanced 
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farther into a coronary vein than in any of the others, there were at times definite 
sustained waves which at first glance did resemble those seen in tracings from the 
ventricle or pulmonary artery, but upon careful analysis were found to occur at 
the time of the third group of vibrations described earlier in this paragraph, 
synchronously with, or just following, the peripheral arterial (femoral) pulse 
waves. Hence, they occurred in the diastolic phase of the heart’s action and 
therefore were considered, along with the third series of vibrations, to be possibly 
the result of a sudden increase in coronary blood flow early during diastole. 


Thus, four types of variations were found in coronary sinus pressure: 
respiratory, atrial, ventricular, and ‘‘coronary.”” They varied in size and some- 
what in shape, not only in the different subjects but also in the same subject with 
slight changes of position of the catheter tip within the sinus, and even from time 
to time without any apparent change in position (Figs. 1 and 3). Some of these 
variations undoubtedly were due to greater and lesser amounts of mechanical 
artefacts set up in the catheter by its movement with the heart beats. Some 
changes, especially in the amplitude and duration of the “coronary” waves, 
apparently depended upon the relative completeness with which the catheter 
occluded the coronary sinus or a tributary vein. However, except in Case 1, 
the absence of well-defined, sustained wave forms resembling those obtained 
in the ventricle was a characteristic and helpful sign in identifying the true position 
of the tip when it appeared during fluoroscopy to be possibly in the pulmonary 
conus. The only other situation beyond the atrium where low pressures and 
minimal pulse waves were recorded was deep in a branch of the pulmonary 
artery (Fig. 4), from which a sample of blood could be seen immediately to be 
highly oxygenated. Moreover, this position was easily identifiable by an 
anterior oblique fluoroscopic view and occasioned no difficulty during cathe- 
terization (Fig. 5). This source of oxygen-saturated pulmonary “capillary” 
blood has been noted and described by Dexter and associates.5 


DISCUSSION 


Sosman and Dexter® have recognized accidental catheterization of the cor- 
onary venous system in two cases and in one of them reported the pressure to 
be 12 mm. Hg, the oxygen content of the blood, 7.4 volumes per cent, and its 
saturation, 25 per cent. These values are within the ranges of the observations 
here reported in four additional cases. In both groups the relative ease and 
apparent harmlessness of catheterization of the human coronary sinus has sug- 
gested its applicability for a wide variety of possible studies on coronary blood 
flow and cardiac metabolism in man. There seems little doubt that if the cor- 
onary sinus can be entered fortuitously in 16 per cent of cases, it can be cathe- 
terized deliberately in a majority of cases.* 

From these observations one can state, furthermore, that in a subject at 
rest the degree of oxygen extraction by the myocardium from coronary blood 
is remarkably near complete. It follows that any considerable increase in demand 
by the myocardium for oxygen under conditions of exercise must be met by 


*Since the presentation of this paper such studies have been undertaken elsewhere.’:®.? 
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increased coronary blood flow rather than by increased oxygen extraction. These 
findings in man are consistent with those reported previously by others!’ 
for the dog. Moreover, it would seem that attempts to increase the oxygen 
extraction by means of certain enzymic preparations are relatively unpromising. 
However, the technique of coronary sinus catheterization should be applicable 
to the solution of this problem.* 

The results of this study have emphasized a major source of error in sampling 
mixed venous blood, as required for the determination of cardiac output by the 
direct Fick method. If the tip of the catheter is placed in the coronary sinus 
but presumed to be in the right ventricle and the oxygen content of the blood 
withdrawn therefrom is used in calculating the cardiac output, the resulting values 
are greatly in error, being less than one-half the actual cardiac output (Table I). 
Even if the tip of the catheter is within the atrial chamber but near the coronary 
orifice or in the stream of blood issuing from it, an admixture of coronary venous 
blood with the atrial sample may occur. In order to be certain of obtaining 
thoroughly mixed systemic venous blood, one should place the tip of the catheter 
in the pulmonary artery or the proximal portion of its right or left branch. An- 
other distinct advantage of this practice is that it enables one to withdraw the 
blood in a smooth, continuous stream because of the well-sustained pulmonary 
arterial diastolic pressure. In the right ventricle, where the diastolic pressure 
approaches or falls to zero, sampling is sometimes difficult (Figs. 2, 3, and 4). 

As yet, insufficient data have been collected concerning the pressure rela- 
tionships in various portions of the coronary venous system. It appears that 
in the sinus itself the pressures are relatively low, reflecting its continuity with the 
atrium, and are characterized usually by minor variations due to respiratory and 
cardiac movements. Farther out in the system, however, there may occur in 
early diastole sustained waves which fossibly reflect the increase in coronary 
blood flow at that time. It will be of interest to follow the further accumulation 
of data on these points. 


SUMMARY 


An intravenous catheter was introduced inadvertently into the coronary 
sinuses of four patients in the course of a series of twenty-five cardiac catheteriza- 
tion studies (a frequency of 16 per cent). Samples of coronary venous blood were 
taken for oxygen analysis, and pressure tracings were obtained with a Hamilton 
manometer. These cases are reported and criteria for identifying this catheter 
rosition are presented. 

Oxyhemoglobin saturation values were found to be strikingly low (average, 
30 fer cent in four cases) as compared with control values for mixed venous blood 
(average, 73 per cent in fifty subjects). Coronary venous pressure levels (0 to 
15 mm. Hg) and wave patterns are described. Physiologic implications of the 
findings and potential applications of the technique are cited. 


*As this paper was being submitted for publication, a preliminary report appeared” indicating that 
in dogs breathing low oxygen mixtures the intravenous injection of cytochrome C did not increase 
the removal of oxygen from the coronary blood. 
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A SIMPLE BIPOLAR TECHNIQUE FOR THE ANALYSIS OF THE 
VECTOR RELATIONSHIP BETWEEN THE UNIPOLAR AND 
STANDARD ELECTROCARDIOGRAPHIC LEADS 


NATHANIEL A. CoHen, M.D., AND A. M. GLIcKsMAN, M.A. 
Forest Hits, N. Y. 


N 1934 Wilson! suggested the use of an indifferent electrode of zero potential 

which would make it possible to determine the potential variations at a single 
point on the surface of the body without reference to changes in potential at 
any other point. Goldberger? in 1942 demonstrated that electrocardiograms of 
similar wave form, but larger by one-half than Wilson's, could be obtained by 
means of an indifferent electrode consisting of two electrodes connected to a 
common terminal attached to the extremities not being “‘explored”’ and eliminat- 
ing Wilson's 5,000 ohm resistors. 

It is the purpose of this paper to demonstrate that electrocardiograms of 
wave form similar to the unipolar electrocardiograms can be obtained by simple 
bipolar leads and that this establishes the vector relationship between the unipolar 
and standard leads. 

METHOD 

The following method of taking electrocardiograms was used. The positive 
or “exploring” electrode was placed on the left arm and the negative or in- 
different electrode at a point in the midaxillary line halfway between the apex 
of the right axilla and the symphysis pubis. The distance from the apex of the 
axilla to the pubis was measured with a tape, the distance halved, and with the 
end of the tape in the axilla, the other end of the tape was swung laterally so 
that it came to lie along the midaxillary line, its midpoint being “diametrically” 
opposite the extremity being ‘‘explored.”’ A tracing was obtained which was 
similar in form to the unipolar left arm leads but which was twice as large as 
Wilson's and one-third again as large as Goldberger’s. For convenience of 
designation, this lead was called W,. Lead We is written in a similar manner, 
the “exploring” electrode being placed on the right arm and the negative electrode 
at the halfway point in the left midaxillary line. Lead Wr is obtained by the 
positive electrode being placed on the left leg and the negative electrode on the 
submental fat pad. 

The bipolar electrocardiograms designated as ‘W”’ leads (Fig. 1) are pre- 
sented for comparison with the augmented unipolar limb leads. The first is 
from a normal individual and the second from an individual who had an old an- 
terior wall infarction. 


From the Medical Unit, New York Regional Office Clinic, Veterans Administration. 
Published with permission of the Chief Medical Director, Department of Medicine and Surgery, 
Veterans Administration, who assumes no responsibility for the opinions expressed or conclusions 


drawn by the author. 
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Leas I 


WL 


Fig. 1. Electrocardiograms showing the similarity in wave form between the augmented unipolar 
leads and the W or bipolar unipolar-type leads. A, Normal: B, old anterior wall infarction. 


DISCUSSION 


This method is not recommended for clinical use since it is based on the 
assumption that the heart is centrally situated and that the point midway between 
axilla and pubis is diametrically opposite the ‘‘explored’’ extremity. However, 
in an emergency, by the simple expedient of standardizing the electrocardiograph 
so that 1.0 mv. is equivalent to 0.5 cm., a reasonable facsimile of Wilson's leads 
can be obtained using a single pair of electrodes. 

The following solution is offered. If for theoretical considerations the body 
is considered as an ovoid with an electrical dipole near its center which is sur- 
rounded by a uniformly conducting medium, then the potential Vz, measured 
by an electrode at any point L on its surface, can be described by the equation 

K Cos 9 


ra 


and the center of the dipole and © represents the angle between a line drawn 
from the center of the dipole and the electrode at Z and a line drawn in the 
direction of the electrical axis of the dipole.* (See Fig. 2.) 


Vr , where K isa constant and 7; is the distance between the electrode 
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‘ K Cos (180 — 6) 
rhe potential at W can be described by the equation Vy = ae 


where 7» is the distance from the center of the dipole and a point W which is 


diametrically opposite L. 
in K Cos 0 K Cos (180— 0) 
Then Vy = —— 


a K Cos (180— ®) K Cos 0 
re ro 
, , K Cos 0 Cos O 
Then ] v= + K = = 


II 


TE 


The mathematical relationship between diametrically opposed electrodes and 
the electrical axis of the heart. 


Fig. 2. 


This formula is applicable to any figure which has central symmetry. 
a sphere, 7;= r2 for every point L, 


Therefore Vy= —— 


Since the difference in potential at L and an indifferent electrode of zero 
potential 7 may be described: 


K = 0 
r 


then 
Vi-— Vw= 2(Vi— Vr) 


Also for a sphere, since r;= r2, then Vp= — Vy 
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Expressed qualitatively, this is equivalent to saying that whereas Wilson 
derives the potential at a single extremity by the use of an indifferent electrode 
of zero potential, by the method described by the authors the potential variation 
at a single extremity may be written by tapping the potential at that extremity 
and its simultaneous equal and opposite variation. For example, if by Wilson's 
method a potential of 4.0 mv. be obtained, then by the method described by the 
authors one would obtain a deflection equivalent to 8.0 mv., since Vz — Vyw= 
4 — (—4) or 8, and the wave form of the electrocardiograms must be the same 
although varying in amplitude by twice. (See Fig. 3.) 


Wilson's Uni- Summation of Bipo lay 
pe lar Lea d "W" Leads 


Fig. 3.— Diagrammatic representation of the summation of mirror image waves of similar 
form and opposite sign in bipolar unipolar-type W leads. 


It is suggested that the Goldberger augmented unipolar limb leads are uni- 
polar in the sense that the wave inscribed has similar form to Wilson's, but they 
actually do not employ an indifferent electrode of zero potential but rather one 
which measures a simultaneous quantity of opposite sign, one-half the magnitude 
of the Wilson unipolar lead, the summation of which gives a wave of similar form 
three-halves the magnitude of Wilson's. This is apparent from Goldberger’s* 
explanation for the augmentation of his unipolar leads in which he indicates that 
the augmented unipolar limb leads actually represent the difference in potential 
between the unipolar potential of the right arm, for example, and the mean 
potential of the other extremities, or: 


Augmented potential of right arm = RA — 14 + 44 


Since RA+ LA+ LL= O 
and 


then 


or augmented potential of right arm = 


++ + g 
4 
ve 
RA 
LA+ LL RA 
a 2 
RA 
2 
= 3/2RA pe. 


956 AMERICAN HEART JOURNAL 


LA + LL 


If the mean potential of the other extremities, — is equal to one-hali 


the potential at the right arm, — . he it cannot at the same time be equal to 


zero (see Fig. 4.). 


+6 
V 


Wilson's Uni- Summation of Avgment ed 


polar Lead Uni polar Leads 


Fig. 4.-Summation of positive deflection and its half-sized negative counterpart of similar 
form resulting in the augmented unipolar lead. 


The importance of W leads is that they demonstrate that waves similar to 
the unipolar leads can be obtained by bipolar leads, indicating that the unipolar 
leads, both Wilson's.and Goldberger’s, represent the resolution of vectors having 
the same direction as the W leads. Therefore, the unipolar leads not only 
“resemble”’ the standard leads but may be thought of as being related to the 
standard leads by rotation of the “‘indifferent’’ or negative electrode through an 
arc of 30°. The unipolar leads, therefore, as much represent the vectors passing 
through the heart as the standard leads represent forces passing tangentially to the 
heart (Fig. 5). 


RA Lead 


Fig. 5.—The vector relationships of the standard and unipolar limb leads. 


It is of interest that the method of bipolar unipolar-type leads is not subject 
to the limitation of assuming that the electrical axis of the heart lies in the plane 
of Einthoven’s triangle. In the above derivation, orientation of the axis of 
the heart is immaterial so long as points opposite are employed. This may have 
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particular significance in elucidating some of the minor discrepancies in the 
precordial unipolar tracings in bundle branch block.® 

The experiment with bipolar diametrically opposed leads was independently 
conceived by the authors but clearly anticipated by Wilson® in a recent article 
in which he states, “If the cardiac field at points far distant from the heart is 
nearly equivalent to that of a doublet, leads from two points equidistant from this 
organ and at opposite ends of a line which passes through its center should 
vield complexes exactly opposite in character if the leads employed are unipolar.” 


SUMMARY 


1. A method of obtaining unipolar-type leads with simple bipolar diamet- 
rically opposed electrodes is presented. 

2. The unipolar leads may be considered as radius vectors related to the 
standard leads through an arc of 30°. 

The authors wish to express appreciation to Dr. Morris Lattman, Chief, Cardiac Clinic, 


New York Regional Office Clinic, Veterans Administration, to Dr. Milton Mendlowitz, and to 
Mr. Walter A. Brecher for helpful suggestions and technical assistance. 
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Clinical Reports 


OBSTRUCTIONS OF THE SUPERIOR VENA CAVA 


A REVIEW OF THE LITERATURE WITH Two CaAsE REPORTS 


Davin B. HinsHaw, M.D. 


GLENDALE, CALIF. 


HE clinical picture of obstruction of the superior vena cava is a symptom 

complex and not a specific disease entity. Many papers, case reports, and 
discussions of various aspects of obstruction of the superior vena cava have 
appeared in medical literature over a period of many years, but it is difficult to 
find a brief summary of well-established criteria for diagnosis, prognosis, and 
therapy. 

The purpose of this present paper is threefold: (1) to review the essential 


points of the literature since 1934; (2) to report two additional cases of obstruc- 
tion of the superior vena cava, one of particular interest; and (3) to summarize 
in one place the major points of diagnosis and treatment as related to this unusual 


syndrome. 


REVIEW OF THE LITERATURE 


In 1934 Ehrlich, Ballon, and Graham! published a detailed review of the 
literature up to that time, a total of 309 cases. 

Some ceneral observations can be made regarding signs and symptoms. 
When obstruction of the superior vena cava has occurred, the symptoms and 
findings are essentially alike, regardless of the etiology. The clinical picture of 
obstruction is usually preceded by or accompanied by other signs and symptoms 
related to the factor causing the caval obstruction (bronchogenic carcinoma, 
for example), except when the etiological factor happens to be an intraluminal 
obstruction (primary thrombus) or a long-standing, otherwise asymptomatic 
fibrotic process in the mediastinum. In general, then, the early symptoms of 
cases of obstruction of the superior vena cava will be those of the causative 
disease concerned. Later in this paper the signs and symptoms of obstruction 
of the superior vena cava will be described in sufficient detail to facilitate the 
adequate diavnosis of this condition. 


From the Department of Medicine of the College of Medical Evangelists and the White Memorial 


Hospital, Los Angeles, Calif. 
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A review of the literature from April, 1934, to Jan. 1, 1947, revealed a total of 
125 reported cases which present unquestionably the clinical syndrome of obstruc- 
tion of the superior vena cava. Several case reports have appeared which were not 
included in this review because the clinical descriptions were inadequate to 
support a diagnosis of complete obstruction of the superior vena cava. Hussey" 
reported fifty-two cases of venous compression in the mediastinum with venous 
pressure studies. Hussey’s paper was a study of venous pressure dynamics 
in various lesions affecting the innominate and subclavian vessels as well as the 
superior vena cava. The majority of these cases were not described in sufficient 
detail to make it possible to classify them in this study; consequently, they were 
excluded. Pilcher and Overholt* reported fifty cases of venous obstruction in the 
upper mediastinum. <A large number of these were attributed to intrathoracic 
coiter. The diagnoses were based chiefly on elevated venous pressures in the 
upper extremities, frequently below 200 mm. H.O, while the classical clinical 
picture of obstruction of the superior vena cava was not described clearly in 
most of the instances. Therefore, only a small percentage of these cases were 
included. Three foreign papers with a total of five cases were not available for 
this study. 


The 125 cases which have been collected are classified on the basis of their 
etiology as follows: (1) carcinoma of the bronchus with metastasis to the medi- 
astinal nodes, twenty cases (16 per cent)**!"; (2) metastatic carcinoma other than 
bronchogenic, nine cases (7.2 per cent)*®:'-?; (3) Iymphoblastomas (including 
Hodgkin's disease), fifteen cases (12 per cent)'®"'."; (4) primary mediastinal 
tumors, four cases (3.2 per cent)**"; (5) aortic aneurysms (almost all syphilitic), 
twenty-nine cases (23.2 per cent)#*°"!-16s; (6) mediastinitis, five cases (4 per 
cent)"29.%; (7) “mediastinal fibrosis’’ (chronic mediastinitis of undetermined 
tvpe with scar tissue formation, constricting bands, and other similar changes, 
eleven cases (8.8 per cent)**!-*.; (8) thrombosis (excluding those secondary to 
invasion by malignant tumors), seventeen cases (13.6 per cent)*'" (er ht of 
these cases were considered to be idiopathic or primary thrombosis); and (9) 
miscellaneous causes, fifteen cases (12 per cent)*?7%- (see Table 1). 


Numerous instances of thrombosis of the superior vena cava are on record 
in which the thrombotic process was the direct result of invasion of the vein 
proper by malignant tumor tissue. Seventeen patients (13.6 per cent) of this 
¢roup had thrombosis from other factors; since these cases are quite rare, they 
should be noted in some detail. In eight of the seventeen cases thrombosis was 
apparently primary. In the other nine cases thrombosis was thought to be 
secondary: in three cases thrombosis was associated with pulmonary tubercu- 
losis; in two, with septicemia; in two thrombosis was alleged to be due to thrombo- 
phlebitis; in one it was attributed to nicotine sensitivity; and in one thrombosis 
was secondary to right auricular thrombosis following Bernheim’s syndrome.” 
The incidence of thrombosis of the superior vena cava here recorded is consider- 
ably greater than that reported by Ehrlich, Ballon, and Graham! in 1934. A 
detailed study of thrombosis of the superior vena cava alone was published by 
Ochsner and Dixon in 1936. 
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ETIOLOGY OF OBSTRUCTION OF SUPERIOR VENA CAVA IN 125 CASES REPORTED IN THE 
LITERATURE BETWEEN APRIL, 1934, and JANUARY, 1947 


Taste I. 


PER CENT OF 
TOTAL 


I Carcinoma of the bronchus (bronchogenic) with 
mediastinal metastasis 20 16 


Lymphoblastomas (including Hodgkin's disease) 15 12 


CAUSE CASES 


III Aortic aneurysm (syphilitic) 29 23.2 (total) 
(a) Due to pressure from aneurysm 
14 cases (11.2%) 
(b) Rupture into superior vena cava*'’-?" 
14 cases (11.2% 
(c) Dissecting aneurysm (arteriosclerotic)*™* 
1 case (0.8%) 


Metastatic carcinoma to mediastinum 7.2 (total) 

(excluding bronchogenic) 

(a) Carcinoma of thyroid 
4 cases (3.2%) 


(b) Others from various sources 


Primary mediastinal tumors (two of these were con- 


sidered to be malignant tumors) 4 3.2 
VI Mediastinitis 5 4 (total) 
(a) Tuberculosis 2 cases (1.6%) 
(b) Syphilitic 2 cases (1.6%) 
(c) Pyogenic 1 case (0.8%) 


Vil 


“‘Mediastinal fibrosis”’ 


VIII Thrombosis of superior vena cava (excluding those 17 13.6 
cases due to invasion of the vein by malignant 
tumors) | 


IX Miscellaneous causes 12.0 (total) 
(a) Undetermined (so classified by those who | | 
reported them) 
1. Mediastinal mass present 
4 cases (3.2%) | 
2. No medistinal mass | 
4 cases (3.2%) 
(b) Acute leucemia (lymphocytic) 
3 cases (2.4%) 
(c) Pericardial constriction (pericarditis) { 
2 cases (1.6%) 
(d) Pneumothorax (2-month-old infant) 
_ case (0.8%) | 
(e) Mitral stenosis—left auricular dilitation 
and superior vena caval compression 
1 case (0.8%) 


125 (Total) 100 (Total) 


Among the group of cases under the heading of miscellaneous causes are 
several of special note. Three cases of obstruction of the superior vena cava 
have been reported in patients having leucemia. In two of these the obstruction 
of the superior vena cava was an incidental finding, while in one instance it was 
the first manifestation of leucemia to be found. This may represent a sarcoma- 
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tous phase of leucemia involving the mediastinal lymph nodes which surround 
the superior vena vava. One case of obstruction of the superior vena cava was 
due to pressure from a greatly dilated left atrium resulting from mitral stenosis. 
Another unusual situation was that of obstruction due to a spontaneous pneumo- 
thorax in a 2-month-old infant.” 

Aortic aneurysm in its various forms caused obstruction in 23.2 per cent of 
the cases in this collected series, as compared with 36 per cent in that of Ehrlich, 
Ballon, and Graham.' This is especially interesting in view of the fact that these 
authors did not include cases due to rupture of the aneurysm into the superior 
vena cava; this group comprised 11.2 per cent of the total cases in this present 
series. A complete review of spontaneous thoracic arteriovenous aneurysms 
reported up to 1938 has been made by Armstrong, Coggin, and Hendrickson." 

The incidence of primary malignant thoracic tumors as causative agents 
is also somewhat higher in the report of Ehrlich, Ballon, and Graham.!’ The 
group of cases in which obstruction is attributed to ‘“‘mediastinal fibrosis,’’ in- 
cluding scar tissue, chronic mediastinitis, and other allied disorders, is approxi- 
mately the same in each series. It is of interest to note that benign goiter 
practically never causes well-developed obstruction of the superior vena cava. 


DIAGNOSIS, TREATMENT, AND PROGNOSIS 


The diagnostic clinical criteria of obstruction of the superior vena cava 
may be outlined as follows: 

1. The demonstration of significantly elevated venous pressure (180 mm. 
H,0 or above) in the upper half of the body in the presence of normal venous 
pressure in the lower half of the body. This may be determined by the use of 
the usual venous pressure apparatus or by the observation of unquestionable 
edema of the upper half of the body with none in the lower extremities. 

2. The demonstration of collateral circulation which circumvents the 
superior vena cava. This includes the observation of visibly dilated veins over 
the upper half of the body, chiefly the anterior chest. The use of infrared 
photography frequently outlines this collateral circulation. It may be visualized 
even better by phlebography. 

3. The demonstration by phlebography of the point of obstruction or the 
demonstration by a roentgenogram of a mass or other lesion which might be 
considered adequate to cause obstruction of the superior vena cava. 

The diagnosis must rest upon objective and not subjective evidence. Any 
symptom related to the cardiorespiratory system may be experienced by these 
patients. Cyanosis or deep flushing of the face is frequently seen and patients 
often complain of a feeling of fullness or congestion in the head and neck, espe- 
cially after reclining or after stooping. 

In the case of rupture of aortic aneurysms into the superior vena cava, the 
picture is that of acute obstruction. The signs are severe cyanosis, edema, 
dyspnea, and greatly elevated venous pressure in the upper extremities. Other 
less diagnostic findings are discussed carefully by Armstrong, Coggin, and 
Hendrickson."" 
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One author" emphasizes that the presence of a disassociation between the 
venous pressure and the-circulation time (arm to tongue) is an important sign 
in obstruction of the superior vena cava. However, in most reported cases in 
which both are mentioned, the circulation time was prolonged. 

The treatment in obstructions of the superior vena cava must necessarily 
be directed chiefly to the underlying disease entity. In the lymphomas, for 
example, radiation therapy is frequently of great help. Under roentgen radiation 
many large mediastinai masses will melt away, giving at least transitory relief 


of the venous obstructive symptoms. 

In most instances patients with syphilitic mediastinitis should receive anti- 
syphilitic therapy. Pyogenic mediastinitis demands chemotherapy or the use 
of antibiotics. The use of anticoagulants would be indicated in thrombosis of 
recent origin; no patients having anticoagulant therapy were found in this review. 

There are several instances in which surgical intervention is indicated: 
(1) rarely, to attempt to remove benign mediastinal tumors; (2) to release fibrous 
bands and adhesions causing obstruction of the superior vena cava; and (3) to 
decompress the mediastinum in cases of marked obstruction or when the obstruc- 
tion is increasing rapidly. This is frequently applicable as a temporary life- 
saving procedure even when the obstruction ts due to malignant tumors. 

The prog nosis is that of the underlying disease to a large extent. The veins 
adapt quite well to the obstructive process if the obstruction develops slowly. 
It has been noted that if the obstruction has occurred below the level of the entry 
of the azygos vein into the superior vena cava, the venous pressure is higher and 
the prognosis more serious than if the obstruction is above the entrance of the 
azygos vein. However, the external evidences of collateral circulation are less 
marked from the lesions occurring below the entrance of the azygos vein. One 
patient with aortic aneurysm lived nineteen years after the diagnosis of obstruc- 
tion was made.2’) The nature of the primary disease is obviously the factor of 
most importance in the prognosis. Patients tolerate obstruction of the superior 
vena cava itself surprisingly well and often for long periods of time. 

The youngest patient with obstruction of the superior vena cava whose case 
has been reported was a 2-month-old baby suffering from spontaneous pneu- 
mothorax.'? The oldest patient was a 93-year-old man who had thrombosis 
of the superior vena cava with extensive collateral circulation.® 

A total of 434 cases of obstruction of the superior vena cava have been 
reported up to January, 1947. This number probably does not really reflect 
the rarity of the syndrome, however, as it is such a dramatic entity that observed 
cases are likely to have found their way into the literature. 

In a review of 85,000 consecutive admissions to the White Memorial Hospital 
in Los Angeles, Calif., only four examples of this syndrome could be found. 
This suggests an incidence of approximately one case among 21,250 general 
Two of these cases are reported in this paper. 


hospital admissions. 


CASE REPORTS 


Casr 1.—This patient was a 62-year-old Mexican man who entered the White Memorial 
Hospital Sept. 20, 1946. For two weeks prior to his admission he had noticed cough, progressive 
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dyspnea, orthopnea, and edema of the face and upper extremities. For one week prominent 
anterior thoracic veins had been noted. He had had no edema of the lower extremities or sacrum, 
no chest pain, and no hemoptysis. 

Past history revealed that a chronic, nonproductive cough had been present for several 
months. A senile type of diabetes mellitus which had apparently been well controlled had been 
known for twelve years. No important family history could be elicited. 


Physical Examination.—On physical examination the patient was seen to be a well-developed, 
rather obese, elderly Mexican. He was markedly orthopneic and showed extensive edema of the 
face and upper extremities. Moderate cyanosis of the lips and nail beds was present. The blood 
pressure was 155/80 bilaterally. The pulse was 96 per minute, the respiration was 32 per minute, 
and the temperature was normal. His face, especially the eyelids, was so edematous that the 
eves were nearly closed. The pupils were equal and reacted to light and accommodation. 
The ophthalmoscopic examination was normal except for moderate venous engorgement. The 


Fig. 1.—Case 1. A roentgenogram of the chest showing mediastinal widening 
and infiltration in the left base. 


ears, nose, and throat were not unusual. The neck was edematous, and markedly engorged veins 
could be seen. The thyroid gland was not palpable. There were large, dilated, tortuous veins 
over the entire anterior chest wall. Patches of dilated venules were scattered over the anterior 
chest and axillae. Impaired resonance to percussion was noted over the left posterior base, 
with decreased breath sounds and tactile fremitus over this same area. Numerous fine, moist, 
inspiratory rales were present in the right base, while the apices were clear to auscultation. The 
heart was not significantly enlarged. A Grade 2, blowing, apical, systolic murmur was present. 
The aortic second sound was loud and snapping. No thrills were felt. The abdomen was obese 
but no organs, masses, tenderness, or ascites were found. The genitalia were normal. The right 
leg had been previously amputated above the knee. There was no edema of the left ankle, but 
marked pitting edema was present in the upper extremities. The neurological examination 
was negative. 
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Laboratory findings were as follows: The urinalysis was normal except for 0.25 per cent 
sugar being present. The red blood cell count was 4.06 million, the hemoglobin was 13 grams per 
100 c.c., and the white blood cell count was 16,850, with 80 per cent polymorphonuclear neutro- 
philes. The orthodiagram showed marked widening of the mediastinum, especially to the right, 
with fluid being present in the left lung base (Fig. 1). No unusual aortic pulsations were noted 
The electrocardiogram was normal except for lowered R waves in the chest leads. 

The tentative diagnosis was obstruction of the superior vena cava probably due to mediastinal 
lymphoblastoma. Deep roentgen therapy was given to the mediastinal area. Some improvement 
of the dyspnea and edema was noted and the patient was discharged on Oct. 4, 1946. He was 
readmitted to the hospital on Oct. 25, 1946, in a moribund state. His dyspnea was marked and 
his eyelids were swollen shut, yet no edema of the lower extremities was present. He died a few 
hours later. 


Necropsy.—The upper anterior mediastinum was found to be occupied by a large, infiltrating 
tumor mass. The wall of the superior vena cava had been invaded by tumor tissue and its lumen 
was occluded by a thrombus which extended into both innominate veins. The microscopic 
diagnosis of the tumor was Hodgkin's sarcoma. 


Fig. 2.—Case 2. Photograph of anterior chest wall showing dilated veins. Note the patch of 
dilated venules to the left of the upper sternum and over the left costal margin. 
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Comment.—This case is an example of the commonest form of thrombosis 
of the superior vena cava. As was the case in this instance, the thrombus is 
usually secondary to invasion of the vein wall by a malignant mediastinal 


neoplasm. 


Case 2.—The patient was a 45-year-old white man who entered the White Memorial Hos- 
pital on Nov. 4, 1946. He complained of “flushing and swelling” of the face, head, and neck, 
which had been present for two years. He had also noted dilated anterior chest veins for one 
and one-half years. Probably these symptoms had developed gradually, as the patient could 
give no exact date as to their onset. The sensation of flushing and fullness of the face and head 
was aggravated consistently by lying down or by stooping and by exercise. Edema of the eyelids 
and hands had been noted by the patient on arising in the morning. Tightness in the throat and 
slight dyspnea were noted upon exertion. No orthopnea, cough, wheezing, hoarseness, weight 
loss, or chest pain was ever experienced. Edema in the lower extremities was never noted. Fever 
had not been present at any time and enlarged lymph nodes were never found. 


Fig. 3.—Case 2. Infrared photograph showing widespread dilatation of the veins of the anterior chest. 
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Past history did not reveal chest trauma, pulmonary tuberculosis, syphilis, or any other 
pulmonary, cardiac, or systemic illnesses. The patient had had gonorrheal urethritis twenty- 


four years previously. 

Physical examination showed a well-developed, well-nourished white man in no acute distress, 
but anterior chest veins were markedly dilated and the face showed a dusky, flushed appearance. 
The blood pressure was 130/80 in both arms, the pulse was 84 per minute, the respiratory rate was 
20 per minute, and the temperature was 98.6° Fahrenheit. The skin was clear except for a deep 
flushing of the face. The face and lips were slightly cyanotic. The ears, nose, throat, and eyes 
were not unusual and no evidence af Horner's syndrome was found. No particular engorgment 
of the neck veins was apparent, the thyroid gland was not palpable, and there was no cervical 
adenopathy. Large, tortuous veins covered most of the anterior chest wall. The largest of 
these veins extended downward over the abdomen and nearly to the pelvic brim (Figs. 2 and 3). 
These vessels filled from above at all levels. The heart was not enlarged. No murmurs were heard. 
Sinus rhythm was present. The lungs were clear throughout. <A firm node, 1.0 cm. by 1.0 cm., 
was felt in the left axilla. The examination of the abdomen was normal except for the presence of 
large veins continuous with those on the anterior chest. No edema or deformities could be found 
in the lower extremities. The genitalia and the neurological examination were normal. 


Laboratory Findings. Laboratory findings revealed the following: Two urinalyses were 
normal and the Wassermann reaction was twice reported to be negative. The red blood count 
was 5.1 million and the hemoglobin was 16 grams per 100 c.c. of blood. The white blood count 
was 8,500 with a normal differential picture. The orthodiagram of the heart was not unusual. 
No mediastinal widening or abnormal pulsations were found. A sternal marrow study was 
reported as normal. biopsy of the slightly enlarged left axillary lymph node revealed normal 
lymphoid tissue. 


Fig. 4.--Case 2. Venograms showing dilated collateral veins of the anterior chest and evidence 
of venous obstruction in the region of both innominate veins. Left anterior oblique view of the right 
side. 
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Special Examinations.—In the right arm the venous pressure was 270 mm. of saline and the 
arm-to-tongue circulation time with magnesium sulfate was 25 seconds. In the left arm the venous 
pressure was 360 mm. of saline and the arm-to-tongue circulation time was 29 seconds. Normal 
venous pressure readings were found in the lower extremities. Venograms were made by the 
injection of 40 c.c. of 70 per cent Diodrast solution into the two respective antecubital veins as 
rapidly as possible through 16-gauge needles while serial roentgenograms were being taken. 
These venograms demonstrated almost complete obstruction of the superior vena cava and of the 
innominate veins as well (Fig. 4). 

The patient has remained as he has been described for six months under observation. He 
carries on his work as a telegraph operator without difficulty and does not appear to be getting 
worse. Infact, many of his complaints are better. This improvement is probably due to improved 
collateral circulation. 


Comment.—The history, the physical findings, the elevated venous pres- 
sures, and the definite evidence presented by the venograms are ample proof of 
the diagnosis of obstruction of the superior vena cava. To state the cause of 
the obstructing process with finality is difficult. All the evidence strongly sug- 
gests that the obstructing lesion is intraluminal. It is very probable that the 
causative factor was thrombotic in nature, and in view of the lack of evidence of 
any extraluminal lesion, one may suggest that a “‘primary’’ thrombosis of the 
superior vena cava is present. Several somewhat similar cases have been 
reported which ascribe the thrombus formation to ‘‘mediastinal fibrosis.’’ How- 
ever, in the majority of these cases some evidence of contributory mediastinal 
disease, such as syphilis or tuberculosis, was presented. No factors were found 
in this case which ordinarily are considered to promote thrombosis of the superior 
vena cava. Consequently, it is felt that this case may represent one of the 
rare primary cases of thrombosis of the superior vena cava. 


SUMMARY AND CONCLUSIONS 


1. The literature on obstruction of the superior vena cava has been re- 
viewed and the 125 cases reported since 1934 have been collected and analyzed 
briefly. 

2. Two additional cases, one of unusual interest, are reported in detail. 

3. An outline of the important points in the diagnosis of the syndrome due 
to obstruction of the superior vena cava is presented. 

4. Treatment, prognosis, and incidence have been discussed briefly. 


The author wishes to thank Dr. John E. Peterson and Dr. Varner Jay Johns, Jr., for their 
kind permission to use the two cases presented in this paper. 
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CONGENITAL DEXTROCARDIA WITH SITUS INVERSUS COMPLI- 
CATED BY HYPERTENSIVE HEART DISEASE; REVERSAL 
OF HYPERTENSIVE CHANGES FOLLOWING 
THORACOLUMBAR SYMPATHECTOMY 


JERALD S. KALTER, M.D. 
New York, N. Y. 


HILE dextrocardia with or without situs inversus is not a rare condition, 
its incidence having been estimated by LeWald! to be one in 35,000 Army 
recruits and by Parson? to be two in approximately 15,000 private patients, the 
finding of dextrocardia in association with acquired organic heart disease is ex- 
ceptionally rare. Manchester and White* reviewed reports on dextrocardia from 
the time of Aristotle and found that it is not rare. In the cases reported, the only 
ones similar to the case to be presented are those reported by Willius‘ in 1931 and 
the case reported by Manchester and White in 1938. However, as far as can be 
determined, this is the first case of dextrocardia complicated by hypertension 
and cardiovascular disease in which reversal of the electrocardiographic pic- 
ture occurred as a result of a Smithwick thoracolumbar sympathectomy. 


REPORT OF CASE 


A. B., a 35-vear-old chief petty officer in the United States Navy, was admitted to the hos- 
pital on May 6, 1946, because of headaches, dizziness, and hypertension. Aside from attacks of 
palpitation associated with very rapid pulse occurring sporadically over a period of ten years, 
he had been in excellent health and had performed the arduous duties of a chief petty officer in 
wartime. There had been no illness except for the usual childhood diseases. He had a tonsil- 
lectomy in 1942 and a broken right tarsal navicular bone in June, 1945. He smoked an occasional 
cigar, drank beer and cofiee occasionally, and denied any venereal disease. He had been married 
five years and had no children. About three months prior to the time of hospital admission, the 
patient began to complain of frequent headaches, particularly on change from a supine to an 
upright position. The headaches had been associated with dizziness and a feeling of lightheaded- 
ness and lasted from a few hours to several days. Because of these complaints and the presence 
of hypertension, the patient was admitted to the hospital for evaluation. 

The family history revealed that the father had died from hypertension and heart disease at the 
age of fifty-three; the mother was living and well; one brother had died as a result of drowning, 


and four sisters were living and well. 

Physical Examination.—The patient was heavy set and gray haired, and appeared older than 
his stated age. His temperature was 98.6° Fahrenheit. His pulse was regular at the rate of 62 
per minute and his respiratory rate was 18. Blood pressure was 180/130. He was 71 inches tall 
The only significant finding in the examination of the head and neck 


and weighed 210 pounds. 


From the Heart Station at the U. S. Naval Hospital, St. Albans, N. Y. 
The opinions or assertions contained herein are the private ones of the writer and are not to be 
construed as official or reflecting the views of the Navy Department or the naval service at large. 
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Fig. 1.—10/17/46: Original electrocardiogram showing the picture of dextrocardia complicated 
by ‘left’ ventricular strain. 7/22/47: Twenty days after second stage sympathectomy: essentially 
nochange. 9/25/47: Signs of ‘‘left’’ ventricular strain are disappearing. 12/5/47: Further improve- 
ment. 12/5/47*: Tracing taken with the limb leads reversed. 
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was that the ocular fundus adjacent to the disc showed slightly increased glial tissue with severa/ 
instances of arteriovenous compression at the crossings. The ratio of the width of the arteries to 
the width of the veins was decreased with an irregularity in the caliber of the arteries and a widen- 
ing of the light streak. The picture was that of early hypertensive retinopathy, Grade 1 to 2. 

The apical impulse of the heart was palpable outside the midclavicular line 11.5 cm. to the 
right of the midsternal line in the right fifth intercostal space. The left border showed dullness 
3.0 cm. to the left of the midsternal line in the fourth intercostal space. The second sound was 
louder in the left second intercostal space, which in this case corresponded to the second aortic 
sound, than in the right second intercostal space. There were no murmurs and no arrhythmias. 
The pulses were full, regular, and equal. There was no evidence of cardiac decompensation. 
The physical examination was otherwise negative. 

Roentgenologic examination of the chest revealed transposition of the heart and slight 
cardiac enlargement to the right (Fig. 2, A). The aorta extended upward to the right and the 
aortic arch could be visualized in the right anterior oblique view. The left leaf of the diaphragm 
was higher than the right and diaphragmatic excursion was normal. Gastrointestinal examina- 
tion demonstrated a transposition of the abdominal organs. 

The electrocardiogram (Fig. 1) showed normal sinus rhythm, a ventricular rate of 60, marked 
right axis deviation, a P-R interval of 0.16 second duration, and a QRS complex of 0.08 second 
duration. The P waves and the QRS complexes in Leads I and II were inverted, while the T 
waves in all limb leads were upright. The T waves in Lead IV F, which was taken over the cardiac 


apex on the right side, were inverted. 


A. B. 


Fig. 2.—A, Teleroentgenogram taken 5/4/46. B, Teleroentgenogram taken 9/9/47. 


Laboratory studies, including complete blood count, sedimentation rate, and Kahn, blood 
chemistry, urinalysis, and renal function tests, were all within normal limits. Blood pressure 
remained persistently elevated between 154/118 and 190/144. 

The sodium amytal test lowered the blood pressure to 120/90 within three hours. A cold 
pressor test caused a rise in blood pressure from 156/120 to 198/180 within thirty seconds and a 
return to 166/140 within ten minutes. 

At first the patient was placed on conservative management, including sedation and a re- 
ducing diet, in order to evaluate his symptoms. On Feb. 6, 1947, a left thoracolumbar sympa- 
thectomy from the eighth thoracic to the third lumbar ganglion was performed. The patient 
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withstood the procedure well, but his postoperative course was complicated by a pleural effusion 
and pneumothorax which required repeated aspirations. He was given time to recuperate suf- 
ficiently and on July 2, 1947, a right thoracolumbar sympathectomy from the fourth thoracic to 
the second lumbar ganglion was performed. 

The patient recovered from this procedure rapidly except for an attack of auricular tachy- 
cardia which persisted for five days and was eventually controlled by quinidine. Blood pressure 
readings ranged from 108 to 120, systolic, and from 60 to 80, diastolic, for the first few weeks. 
The patient noted some hypotensive weakness and was provided with an abdominal belt. On 
Dec. 5, 1947, the patient was seen again and at this time he was completely asymptomatic, having 
been entirely free of any episode of palpitation and tachycardia for the first time in ten years. 
His blood pressure was 125/88. The eye grounds revealed a slight narrowing of the arteries with 
two instances of slight arteriovenous compression. ‘The right border of cardiac dullness was 10.0 
cm. to the right of the midsternal line and the remainder of the physical findings were essentially 
unchanged. 

Postoperative electrocardiographic examination showed a normal sinus rhythm. The P-R 
interval was 0.17 second, while the duration of the QRS complex was 0.10 second. The P waves 
and the QRS complexes in Lead I were inverted, and there was marked right axis deviation. How- 
ever, the T waves in Lead I, previously upright, had now become inverted. 


DISCUSSION 


Despite the fact that he had been examined physically on numerous occa- 
sions during the previous ten years because of episodes of palpitation and tachy- 
cardia, this patient had never been discovered to have dextrocardia until admis- 
sion to the hospital, where this was confirmed by electrocardiographic and x-ray 
studies. The interesting feature of the electrocardiogram was that the T wave 
in Lead I was upright and the T wave in Lead IV F, taken over the cardiac 
apex on the right side, was inverted, indicating that this was the picture of “‘left’’ 
ventricular strain superimposed upon that of dextrocardia. In view of the fact 
that this was rapidly progressing, having appeared since the patient's last annual 
physical examination and because it was associated with symptoms and early 
eye-ground and electrocardiographic changes, the patient was placed upon a 
regime of sedation and weight reduction in an attempt to improve his condition. 


However, after a period of nine months and a twenty-pound weight loss, 
there was essentially little change in his condition and, therefore, a left thora- 
columbar sympathectomy was performed. Five months later a right thora- 
columbar sympathectomy was performed, which, because of the patient's his- 
tory of frequent episodes of tachycardia, was carried up to the fourth thoracic 
ganglion. 

The patient’s blood pressure returned to normal and has remained within 
normal limits. His symptoms completely disappeared and have not returned. 
The heart size has become smaller, as shown in Fig. 2, B, and the presence of 
‘left’ heart strain in the electrocardiogram has largely disappeared. As will be 
seen in Fig. 1, the evidence of heart strain was still present on July 23, 1947, 
approximately three weeks after the second operation, but on Sept. 25, 1947, 
was beginning to disappear. Confirmatory evidence of the disappearance of 
electrocardiographic signs of heart strain is shown in the tracing of Fig. 1* which 
was taken with the arm wires reversed, thus correcting for the dextrocardia. 
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SUMMARY 


A case of congenital dextrocardia with situs inversus complicated by cardio- 
vascular disease is presented. The interesting features are that the symptomatic, 
roentgenographic, and electrocardiographic findings due to hypertension were 
reversed by a Smithwick thoracolumbar sympathectomy, leaving the patient 
with his original congenital anomaly. There is no record of any other similar 
case, but presumably, if sympathectomies in hypertensive disease become more 


frequent, other such cases will be encountered. 
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CONGENITAL ANEURYSM OF THE RIGHT ANTERIOR SINUS OF 
VALSALVA (INTERVENTRICULAR ANEURYSM) WITH SPON- 
TANEOUS RUPTURE INTO THE LEFT VENTRICLE 


ROBERT ORR WARTHEN, M.D. 
WaAsHINGTON, D. C. 


PONTANEOUS rupture into the left ventricle of a congenital aneurysm of 
the right anterior sinus of Valsalva of the aortic valve is an occurrence here- 
tofore undescribed in the literature. Such a case is herewith presented along 
with a brief discussion of the condition and of the interesting clinical aspects 
involved. 


CASE REPORT 


A. S., a 38-year-old Negro mechanic, was first admitted to Gallinger Hospital on Dec. 2, 
1946, with the complaints of swollen feet of three days’ duration and cough of two months’ dura- 
tion. He had apparently been perfectly well until the development of a “hacking cough,” 
which was productive of a white, foamy sputum two months prior to admission. This persisted, 
and one and one-half months before admission, he began experiencing mild dyspnea on exertion 
which soon became severe and progressed to orthopnea. One month before admission, while 
working, he experienced a sudden dull midsubsternal pain which radiated to both the right and 
left upper abdominal quadrants. This pain persisted for several hours and was aggravated by 
numerous coughing spells. Two and one-half weeks later he began experiencing nausea and 
vomiting following his coughing spells. A progressive swelling of his feet occurred during the 
three days prior to his admission. 

At the age of 24 vears a vague attack of “rheumatism” had occurred. He had had an un- 
treated ‘‘penile sore’’ lasting for two weeks at the age of 28 vears. No serologic test for syphilis 
was performed at that time. During the two years prior to his hospitalization he had been 
hoarse as a result of undetermined reasons. 

Physical examination on admission revealed a chronically ill and orthopneic Negro man, 
who appeared to be his stated age. The blood pressure was 180/40 to 20; the pulse was 100 per 
minute and of the waterhammer type; respirations were 24 per minute; and the temperature was 
98.6° Fahrenheit. The anterior cervical and inguinal lymph nodes were palpable and small. 
The neck veins were slightly engorged and pulsating. The respirations were rapid and shallow. 
Crepitant rales were heard over both lungs. ‘The heart was enlarged. Its left outermost border 
was 14 cm. from the midsternal line in the sixth anterior intercostal space. The point of maximal 
impulse was in the fifth left intercostal space at the anterior axillary line. A blowing aortic 
diastolic murmur was transmitted along the left sternal border to the apex and to the left axilla. 
A localized, soft, aortic systolic murmur was also described, as were a harsh apical diastolic murmur 
and a long, soft, apical systolic murmur. The rhythm was regular. The abdomen was moder- 
ately distended with bulging in the flanks. There was a questionable fluid wave and a palpable, 
tender liver which extended downward to the level of the umbilicus. There was 1 to 2 plus pitting 
edema of the legs, ankles, feet, and sacrum. ‘The remainder of the physical examination, including 
the neurological, was essentially negative. 


From the Department of Pathology, George Washington University School of Medicine, Wash- 
ington, D. C. 
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Laboratory examinations revealed a negative blood Kahn test on two occasions and a urea 
nitrogen of 10 mg. percent. An electrocardiogram showed left axis deviation, right bundle branch 
block, and a questionable, associated first degree A-V block. An x-ray film of the chest disclosed 
moderate pulmonary congestion and enlargement of the heart downward and to the left with a 
normally outlined aorta. The transverse diameter of the heart was 19 cm., while that of the chest 
was 32 centimeters. 

The patient's congestive heart failure was controlled by the tenth hospital day after he had 
received digitalis, Mercupurin, and ammonium chloride therapy. Because of a persistent hoarse- 
ness a laryngoscopic examination was performed on the fifteenth day and chronic laryngitis was 
diagnosed. Nineteen days after admission he was released against the advice of the staff. 

On Jan. 10, 1947, he again returned to the hospital with complaints similar to those on the 
previous admission. Physical examination at that time revealed a blood pressure of 160/40 and 
edema of the legs, ankles, and feet of greater severity than previously. Abdominal shifting 
dullness without a fluid wave was present. The remainder of the physical examination was 
essentially the same as that of the previous admission. Treatment consisted of digitalization 
and diuresis with Mercupurin and Aminophyllin. A venous pressure of 310 mm. HgO was obtained 
on admission. An x-ray film of the chest disclosed a picture similar to that on the first admission. 
A repeat blood Kahn test was negative and the blood urea nitrogen was 13 mg. per cent. He 
was discharged on Feb. 7, 1947, to be followed in the cardiac clinic. 

The final admission was one month later on March 7 when he again presented a history 
similar to that of the two preceding admissions. For a week prior to that admission he had failed 
to take diuretics and digitalis as prescribed. The blood pressure was 165/50, the pulse was 96 
per minute, the respirations were 24 per minute and the temperature was 99° Fahrenheit. The 
lungs revealed fine inspiratory rales at the left base and an absence of breath sounds at the right 
base. The heart was enlarged as described on previous admissions. A loud mid-diastolic murmur 
with its maximum intensity in the fourth left intercostal space at the sternal border was trans- 
mitted downward to the apex. A systolic apical murmur which was transmitted to the left axilla 
and angle of the left scapula was also described. The remainder of the physical examination was 
essentially unchanged from the previous admissions. A venous pressure of 350 mm. H,0O rising 
to 450 mm. on right upper quadrant pressure was obtained on admission. A blood Kahn test 
was negative. 

Several mild bouts of hemoptysis occurred four days after admission. An x-ray film of the 
chest at that time showed congestion with fluid at the right base and a density over the left costo- 
phrenic angle which was interpreted as a possible pulmonary infarct. A phlebothrombosis or 
thrombophlebitis of the upper or lower extremities was considered unlikely at that time. How- 
ever, on the following day, because of bilateral calf tenderness and another bout of hemoptysis, 
a bilateral femoral vein ligation was performed. During the next two days several more bouts of 
hemoptysis occurred and the rales persisted at the left base. On March 16 he developed a moder- 
ately severe substernal and epigastric pain which was accompanied by a systolic blood pressure of 
120, a pulse of 110 per minute, and roughened breath sounds and wheezes over both lung bases. 
Moderate upper abdominal tenderness was elicited. 

He expired on March 17 after having experienced a rapid downhill course following his 
bout of substernal and epigastric pain. 


Clinical Diagnosis.—(1) syphilitic aortitis with aortic regurgitation; (2) possible rheumatic 
heart disease; (3) congestive heart failure; and (4) pulmonary infarction. 


Necropsy Report.—The pericardium revealed no abnormality; there were no pericardial 
adhesions, and 80 c.c. of clear, straw-colored fluid was present in the pericardial sac. The heart 
weighed 775 grams. It was greatly enlarged, firm in consistency, and was covered with a moderate 
amount of epicardial fat. On section, all chambers of the heart were found to be greatly dilated 
and there were no thrombi or emboli present. The tricuspid valve measured 16 cm. in circum- 
ference. Its cusps were moderately edematous at the tips and contained thin atherosclerotic 
plaques at the bases. The right ventricular wall measured 7.0 mm. in thickness and the papillary 
muscles were markedly hypertrophied. The chordae tendinae were not unusual and the pectinate 
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muscles were flattened. The pulmonary valve was dilated and measured 8.2 cm. in circumference. 
Several transverse fenestrations which were 5.0 mm. in length were present at the free edge 
of each cusp. The mitral valve was greatly dilated. It measured 15 cm. in circumference and 
its cusps were moderately thickened along the line of closure. The left ventricular wall measured 
16 mm. ia thickness and the papillary muscles were markedly hypertrophied. The chordae 
tendinae were slightly shortened, fused, and thickened; the pectinate muscles were flattened. 
The aortic valve measured 7.5 cm. in circumference at the ring. A transverse fenestration which 
was 3.0 mm. in length was present on the posterior cusp. It extended from the border of the left 
commissure onto the cusp and was parallel to and 1.0 mm. from the free edge of the cusp. The 


Fig. 1.—Open left ventricle and aortic valve showing the large, gaping perforation of the right anterior 
sinus of Valsalva aneurysm. 


right anterior cusp was slightly thickened along its free edge and was the seat of an aneurysm 
of the sinus of Valsalva. The aneurysm was a downward extension of the right anterior sinus of 
Valsalva into and dissecting the membranous portion of the interventricular septum. This 
aneurysm or sinus extended downward for a distance of 4.0 cm. below the level of the most in- 
ferior portion of the posterior and left anterior cusps to the trabeculated portion of the inter- 
ventricular septum and measured 6.0 cm. in width. It produced its greatest bulge into the 
cavity of the left ventricle and lesser bulges into the cavities of the right auricle and right ventricle. 
A gaping perforation which measured 4.0 cm. in length was present on the left ventricular aspect 
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of the aneurysmal bulge and was located with its upper end at a point 6.0 cm. below the corpus 
arantii of the right anterior cusp, with its lower end 2.5 cm. inferior and to the right of the cusp. 
The inferior edge of this perforation was jagged, rough, and thickened and the superior edge was 
smooth. Figs. 1 and 2 show the opened left ventricle and aortic valve with the large, gaping 
perforation of the aneurysm of the right anterior sinus of Valsalva. The left anterior cusp was 
not unusual. The commissures of the cusp were not widened. The cusps were not rolled or 
shortened and their edges were free of abnormalities. The coronary ostia were patent, as were 
the coronary vessels throughout. A few yellowish-white, atherosclerotic subintimal plaques 
were noted in the descending thoracic and abdominal aorta. There was no gross evidence of 
syphilitic aortitis. 


Fig. 2.—Opened left ventricle and aortic valve showing the large, gaping perforation 
of the right anterior sinus of Valsalva aneurysm. 


Examination of the lungs revealed dense parietovisceral pleural adhesions in the right apex, 
left apex, left upper lobe laterally and posteriorly, and left lower lobe anteriorly, posteriorly, and 
laterally. These were associated with bilateral clear, straw-colored pleural effusions. The 
right pleural space contained 1,500 c.c. of fluid and there was 150 c.c. in the left pleural space. 
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The right lung weighed 1,100 grams and the left weighed 1,200 grams. Both showed marked 
congestion and edema. In addition, there was a thrombus in the medium-sized pulmonary 
artery which supplied the lower one-fifth of the left upper lobe. Distal to and surrounding this 
thrombosed vessel was a deeply hemorrhagic, firm triangular area. The thrombosed vessel 
represented its apex and the lung periphery, its base. The base of this triangular area measured 
9.0 cm. in diameter and was on the anterolateral and inferior surfaces of the lobe. It extended 
6.0 cm. distal to the apex. The bronchi were moderately congested and were filled with abundant 
frothy, blood-tinged fluid. 

The liver was markedly enlarged and presented a ‘“nutmeg’’ appearance; the spleen was 
somewhat atrophic. 

The femoral veins were explored both proximal and distal to their ligated points. No abnor- 
mality was noted in the left; however, a thrombus was present in the right femoral vein proximal 
to the ligature. The proximal portion of the thrombus was attached to the intima at the point 
of the ligature and its distal end was free in the lumen of the vessel. 

The remainder of the gross examination revealed no abnormality. 


Anatomical Diagnosis.—(1) Congenital aneurysm of the right anterior sinus of Valsalva 
of the aorta, extending within the vestibular portion of the interventricular septum, with per- 
foration of the left ventricular wall of the aneurysm; (2) aortic valve insufficiency; (3) congenital 
fenestrations of the pulmonic and aortic cusps; (4) hemorrhagic infarct of the left upper lobe with 
thrombosis of a pulmonary artery; (5) pulmonary hyperemia and edema, severe; (6) cor bovinum; 
(7) hydrothorax, bilateral; (8) thrombosis of the right femoral vein; and (9) pleural adhe- 
sions, bilateral. 


Microscopic Examination.—The gross and microscopic findings agreed essentially. Sections 
of the myocardium revealed a moderate degree of replacement fibrosis and marked muscle hyper- 
trophy. The mitral valve was moderately thickened by hyaline and fibrous connective tissue. 
There was no evidence of rheumatic valvulitis. The anterior mitral papillary muscle contained 
a small amount of interstitial fibrous connective tissue. Numerous sections through the walls 
of the aneurysm revealed dense hyaline and fibrous connective tissue. The borders of the per- 
foration were lined by endocardium and were composed of a dense fibrous and hyaline connective 
tissue stroma. However, this tissue was interspersed with rare small and large round cells and 
polymorphonuclear leucocytes. Vascular elements were scarce. A thin layer of endocardium 
lined all sections of the aneurysm. 

The ascending and transverse aorta showed no microscopic evidence of syphilis or arterio- 
sclerosis. There was no evidence of ulcerative endocarditis or mycotic infection. 

A minimal amount of coronary atherosclerosis without appreciable narrowing of the coronary 


lumina was noted. 


DISCUSSION 


Aneurysms or aneurysmal dilatations may originate in one or more of the 
sinuses of Valsalva of the aortic valve.!. These aneurysms are inferior extensions 
or excavations of the sinuses and their walls depend on the sinus or sinuses in- 
volved. 

Of most frequent occurrence is an aneurysm of the right anterior sinus,?* 
which is also called an interventricular aneurysm and which extends downward 
as it dissects the membranous, nontrabeculated aortic vestibule and _ inter- 
ventricular septum. It does not involve the muscular or trabeculated portion 
of the interventricular septum. The cavity so produced is related to the left 
ventricle on one side and to the right auricle and right ventricle on the other. 
It produces bulgings of the corresponding walls of those chambers. 

Even rarer are aneurysms of the left anterior and the posterior sinuses of 
Valsalva. The left anterior sinus is the only one related to the external surface 
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of the heart and, when dilated, produces a bulging into the pericardial sac to the 
left of the pulmonary artery. This also extends into the membranous, nontra- 
beculated aortic vestibular wall down to the muscular or trabeculated ventricular 
wall and internally is related to the cavity of the left ventricle. An aneurysm 
of the posterior sinus (noncoronary sinus) of Valsalva also extends downward in 
the wall of the aortic vestibule and bulges anteriorly into the left ventricle and 
posteriorly into the right and left auricles. 

These aneurysms of the sinuses of Valsalva have been ascribed to syphilis, 
arteriosclerosis, mycotic infections, ulcerative endocarditis, and congenital 
lesions.* 

Depending on the anatomic location of the aneurysmal bulge, a number of 
complications may ensue. These aneurysms frequently rupture although 
death may or may not occur immediately. The perforation may occur in the 
right atrium, right ventricle, left atrium, left ventricle, pericardial sac, medias- 
tinum, pulmonary artery, superior vena cava, and left pleural cavity.**7 
A rare case in which the pericardial sac was obliterated and the aneurysm eroded 
through the chest wall to rupture externally has been recorded. The most 
frequent clinical picture of aneurysm of one or more of Valsalva’s sinuses is 
that of aortic insufficiency or regurgitation,’* due to dilatation of the aortic 
ring. Bulging of the aneurysm into the right ventricle may produce a clinical 
picture of stenosis or insufficiency of the tricuspid valve and/or pulmonary 
stenosis.'_ Encroachment of an aneurysm of the right anterior sinus on the 
A-V node or bundle of His in the interventricular septum often leads to heart 
block or other A-V conduction defects.'**:§ Rare cases of myocardial infarc- 
tion caused by the compression of a coronary artery by an extrinsic aneurysm 
of the sinus of Valsalva have been reported.*:* 

Death is usually the result of one or more of the mentioned complications 
and congestive heart failure. 

The case reported here represents one of an aneurysm of the right anterior 
sinus of Valsalva of the aortic valve which bulged into the left ventricle and to a 
lesser degree into the right auricle and right ventricle and which ruptured into 
the left ventricular cavity. A congenital aneurysm with spontaneous rupture is 
postulated, as no pathologic evidence of syphilis, arteriosclerosis, mycosis, or 
ulcerative endocarditis was found. The spontaneous rupture of a similar con- 
genital aneurysm into the cavity of the left ventricle has not to my knowledge 
been described heretofore in the literature. In retrospect, after having examined 
the rupture point of the aneurysm both grossly and microscopically and having 
reviewed the patient’s clinical history, it seems probable that the perforation 
occurred some months before death, perhaps just prior to the patients’ first 
hospitalization. 

During his first two hospital admissions his congestive failure was fairly 
well regulated by digitalis and diuretics. However, on his final admission, con- 
trol was unsuccessful, probably because of the associated femoral vein thrombosis 
and pulmonary infarction. His death was no doubt the result of congestive 
heart failure with superimposed pulmonary infarction. 
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Clinically, he presented a typical picture of aortic insufficiency; hence, the 
erroneous diagnosis of syphilitic aortitis was made. This is readily understand- 
able because aortic insufficiency is the most frequent clinical finding in patients 
with aneurysms of one or more of the sinuses of Valsalva.t. The murmurs heard 
in the region of the mitral valve were probably due to dilatation of the valve 
ring, as a result of congestive heart failure. No microscopic evidence of rheumatic 
valvulitis was found. 

The electrocardiographic findings that were observed (bundle branch block 
and questionable A-V block) are frequently found in cases of aneurysms of the 
sinus of Valsalva involving the interventricular septum because of encroach- 
ment of the aneurysm on the A-V node or the bundle of His.?" 


SUMMARY 


1. The clinical and post-mortem findings of a case of congenital aneurysm 
of the right anterior sinus of Valsalva with spontaneous rupture into the left 
ventricle are presented and discussed. 

2. This is believed to be the first published report of such a case. 
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ACUTE RHEUMATIC FEVER IN THE AGED 


Davip H. AprpeELMAN, M.D., Morris S. Fetman, M.D, AND Louts Harris, M.D. 
BROOKLYN, N. Y. 


HE acute rheumatic state is rare in the aged,'?* and rarer yet is an initial 

attack of acute rheumatic fever in the latter decades of life. It is the pur- 
pose of this communication to record a case in which an initial attack of acute 
rheumatic fever developed at 65 years of age. Rothschild, Kugel, and Gross°® 
found only two cases of active rheumatic heart disease after the age of 50 and only 
one case after 60 years, but these were not initial attacks. In their study of 
1,633 cases of rheumatic heart disease, DeGraff and Lingg® encountered only one 
patient who developed an initial infection past the age of 60. Rakov and Taylor? 
reported a case of rheumatic fever in a 61-year-old woman but stated in their 
summary that her initial rheumatic infection probably occurred in her childhood. 
Greene and Bennett* described a patient with an initial attack of rheumatic 
heart disease occurring at 64 years. 


CASE REPORT 


M. G., a white married woman, 65 years of age, had always been well and had done vigorous 
physical activity. She could not recail having had any symptoms of the rheumatic state, nor 
had any cardiac lesion ever been discovered. Except for a hysterectomy when she was 49 years 
old and four normal, full-term deliveries, she had required no medical attention. Questioning 
did not elicit any precipitating cause or the presence of any systemic disease prior to the onset 
of the present illness, which began three weeks before admission to the Beth-El Hospital on 
May 28, 1947. She had been well up to May 7, 1947, when she developed joint pains. The 
joint involvement was simultaneous, with the wrists, shoulders, knees, and ankles being par- 
ticularly affected. There was pain, swelling, heat, and redness in the involved joints, and fever 
developed during the third week. 

The patient presented the picture of an acute infection with hot, dry skin, anxious expression, 
and moderate prostration. ‘The temperature was 103.4°F., the pulse rate was 98, and the blood 
pressure was 138/68. The wrists, shoulders, ankles, and knees were swollen, red, warm, and 
painful. There was limitation of motion of all joints. The skin was clear. The heart was 
not enlarged to percussion, and no murmurs or arrhythmias could be heard. The lungs were 
clear. The liver extended 2.0 cm. below the right costal margin but was not tender, and no 
pulsation could be felt. The spleen was not palpable. There was no edema of the lower extremi- 
ties, except for the swelling of the ankles and knees. There were no other significant physical signs. 

Laboratory examinations on the morning following admission revealed 11.0 Gm. of hemoglobin 
(71 per cent); a red blood cell count of 3,480,000; and a white blood count of 11,500. The differ- 
ential count showed 78 per cent segmented neutrophiles, 15 per cent lymphocytes, and 7 per cent 
monocytes. The sedimentation rate was 18 mm. in seven minutes (Cutler method). Urinalysis 
was negative. An x-ray film of the chest on May 29 was read as follows: ‘The heart is of the 
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aortic type and of normal proportional dimensions. The aorta, however, is elongated and 
widened, especially in the descending arcus. There is a calcific plaque in the arch. Hypertrophic 
osteoarthritic changes are noted in the dorsal spine."’ Roentgenologic studies of both hands 
showed hypertrophic osteoarthritis bilaterally. On May 31, the blood culture showed no or- 
yanisms after forty-eight hours and an electrocardiogram revealed a P-R interval of 0.30 second. 

Blood chemical examinations showed a serum protein of 6.6 Gm. per cent, with albumin 
of 3.7 Gm. per cent and globulin of 2.9 Gm. per cent. The blood urea nitrogen and sugar were 
within normal limits, and the uric acid was 1.5 mg. per cent. A Kline test was negative. Agglu- 
tination tests for brucellosis, typhoid, paratyphoid A and B, and typhus fever all were negative. 
Culture of a tonsillar swab revealed Micrococcus catarrhalis predominating with some pneumococci 
and staphylococci also present. The antifibrinolysin titer was 3 plus on June 10, and the same 


value was noted on June 18. 
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Fig. 1.—Serial electrocardiograms made during the acute illness. 


Clinical Course.—The patient was confined to bed for six weeks. She received 20 grains 
of sodium salicylate and an equal amount of sodium bicarbonate four times daily from May 30 
to June 29. From July 1 to the date of her discharge on July 16, she was given 15 grains of 
sodium salicylate three times daily, a 5.0 mg. tablet of vitamin K daily, a 250 mg. tablet of vitamin 
C each day, and two Feosol (three grains of ferrous sulfate) tablets three times daily. The fever, 
which had ranged between 100°F. and 103°F. for a week prior to admission, reached 102.6°F. 
on the first hospital day and gradually subsided to normal on the sixth day. Except for a tem- 
perature of 100.6°F. on the tenth day, she remained afebrile thereafter. The joint manifesta- 
tions began to subside on the eighth day, with the swelling and warmth being alleviated first, 
while the pain on motion persisted until the second week. The joint symptoms completely sub- 
sided by the end of the third week. The pulse was 88 per minute on admission and ranged 
between 80 and 96 per minute during the first two weeks. Thereafter it fluctuated between 66 
and 84 and never became irregular. No heart murmur was heard on admission, The con- 


i 
I 


984 AMERICAN HEART JOURNAL 


sulting cardiologist examined the patient on the eighth day and reported a faint systolic murmur 
at the apex. In the third week, a soft blowing diastolic murmur was heard along the left sternai 
margin in the fourth intercostal space, and persisted for four days. No murmur could be elicited 
thereafter. 

An electrocardiogram taken on May 30 showed a P-R interval prolonged to 0.30 second. 
Subsequent electrocardiograms revealed the P-R interval to be 0.24 second on June 4, 0.20 second 
on June 10, and 0.14 second on June 23 (Fig. 1). 

The sedimentation rate, which ‘vas 18 mm. in seven minutes (Cutler method) on the second 
day, was 18 mm. in twenty minutes on the eighth day, 18 mm. in forty minutes on the fifteenth 
day, and finally became 18 mm. in sixty-five minutes on the forty-second day. The leucocyte 
count was 11,500 on admission, declined to 7,750 on the eighth day, and remained from 5,000 to 
6,000 after the third week. At the end of five weeks of treatment, the erythrocytes numbered 
3,000,000 and the hemoglobin was estimated at 65 percent. All urine examinations were negative. 
The blood salicylate level was 120 ug. per 100 c.c. on the seventh day, 380 yg. per 100 c.c. at the 
end of three weeks, and 168 yg. at the end of the fifth week. 

At the time of discharge, there were no joint symptoms or complaints, and the temperature, 
P-R interval, sedimentation rate, and leucocyte count were_all normal. There was, however, a 
persistent 3 plus antifibrinolysin titer. 


COMMENT 


It was apparent that the patient had suffered an initial attack of acute 
rheumatic fever despite her advanced age. Her previous history was negative 
for any previous attack of rheumatism, heart disease, or any joint pain; nor was 
there any antecedent history or positive evidence of the persistence of any 
specific infection. 

Rheumatoid arthritis or chronic secondary infectious arthritis sometimes 
begins with the features of acute rheumatic fever. The initial and persistent 
involvement of small joints of the hands, feet, and spine and the comparative 
freedom from cardiac complications are suggestive features; and the persistence 
of periarticular swelling leading to obvious deformity confirms the diagnosis. 
However, none of these features was present in the case herewith reported. 

Antitoxic or antibacterial serum therapy is often followed by serum sickness 
with polyarthritis as the chief symptom, but this patient had no coexistent 
urticaria and no history of serum treatment. She had received no penicillin treat- 
ment, which may occasionally cause a polyarthritis. There was no history of 
digitalis medication which might have caused the prolonged P-R interval. The 
persistently high elevation of the antifibrinolysin titer, although not specifically 
diagnostic, is a further link in the establishment of a diagnosis of acute rheu- 


matic fever. 


SUMMARY 


A case is reported in which the initial attack of acute rheumatic fever oc- 
curred at 65 years of age. The presenting clinical picture included generalized 
joint involvement, fever, leucocytosis, a markedly prolonged P-R interval, and 
a rapid sedimentation rate. There was an excellent response to salicylate therapy. 
This response included an abatement of the joint symptoms, toxicity, and fever; 
and a return to a normal leucocyte count, sedimentation rate, and P-R interval. 
The absence of any previous heart disease or joint pains, the persistently elevated 
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antifibrinolysin titer, the secondary anemia, the transient abnormalities in the 
electrocardiograms, and the murmurs which appeared during the attack and then 
disappeared with recovery all contribute to the diagnosis of an initial attack of 
acute rheumatic fever despite the advanced age of the patient. 
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Selected Abstracts 


Gomes, E. L., Capriglione, L., and de Souza, E. A.: Cardiac Changes in Uremia With 
Special Reference to Hyperpotassemia. Arq. de clin. 3:151 (Sept.), 1947. 


The electrocardiographic changes commonly noted in preterminal stages of hyperpotassemia 
were demonstrated in three uremic patients. All subjects revealed a marked decrease in urinary 
volume and alterations in potassium level that were not necessarily correlated with the severity 
of the electrocardiographic changes. These changes were of the usual type with marked altera- 
tion of the P waves and of the QRS complexes and with increased amplitude of the T waves. 
First degree heart block, sinus arrest, and cardiac standstill occurred preterminally. The clinical 
signs of hyperpotassemia consisted of paresthesias, flaccid paralysis, and acute left ventricular 
failure. In two necropsied cases no particularly striking alterations of the heart muscle were noted. 
HECHT. 


Schlesinger, P., and de Moraes, J.: The Clinical Value of the Esophageal Electrocar- 
diogram. Arq. de clin. 3:183 (Sept.), 1947. 


The value of unipolar esophageal leads in conjunction with standard bipolar limb leads, 
unipolar limb leads, and precordial leads is demonstrated on twenty patients. The value of 
such leads in ventricular enlargement, in coronary insufficiency with and without myocardial 
infarction, and in auricular disorders is emphasized. The influence of position of the heart upon 
the auricular and ventricular pattern obtained has not been considered. A case of Chagas’ 
disease with complete A-V heart block and an example of anomalous A-V conduction (Wolff- 
Parkinson-White syndrome) are included. 


HEcnrt. 


Winton, S. S.: Sinoauricular Block: An Analysis of Eleven Cases. Acta cardiol. 
3:108 (Fasc. 3), 1948. 


Eleven examples of the disorder are discussed. All patients revealed signs of organic heart 
disease and four had received digitalis at the time the block was present. In two instances the 
block disappeared spontaneously; in one, following the administration of atropine. Three of the 
patients demonstrated an uncomplicated sinoauricular block, while five were classified as sino- 
auricular block with Wenckebach phenomenon. An additional case of the latter type could be 
converted to 2:1 sinoauricular block by carotid sinus pressure. Nodal escape, nodal rhythm, 
and reciprocal conduction from ventricle to auricle to ventricle (‘“‘sandwiching”) was noted in 
the remaining two patients. 


HEcnrT. 


Evans, W., Dick, P., and Evans, B.: Rapid Digitalization. Brit. Heart J. 10:103 (April), 


1948. 
Because there is no agreement on the best preparation and route of administration for in- 
ducing rapid digitalization, this study was designed to discover the most effective preparation for 
rapid digitalization, when given orally or intravenously, by comparing the effects on the same 
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patients of as many as possible of the following preparations: (1) strophanthin, (2) ouabain 
and K-strophanthosid, (3) Digoxin, (4) digitoxin, (5) lanatoside C, (6) digitalis leaf, and (7) 
tincture of digitalis. 

Twenty patients with mitral stenosis or hypertension were selected. All had auricular 
fibrillation with a rapid ventricular rate and with slight to moderate congestive failure. All were 
on a normal hospital diet with fluids restricted. None had had digitalis for at least the preceding 
seven days. The order in which the drugs were given was deliberately varied from patient to 
patient. The consistency of the action of a drug in the same dosage and in the same patient 
was tested in only two individuals. In one instance, the effect was different and in the other, 
almost identical. In successive cases, however, the drugs produced the same result with remark- 


able consistency. 

The fall in ventricular rate was regarded as the most satisfactory index of digitalization. 
A digitalis effect was classified as good when the fall in heart rate within four hours was 75 per 
cent of the maximal fall produced by any preparation in that patient, moderate when the fall 
in rate was between 50 and 75 per cent, and slight when below 50 per cent. 

The authors found that strophanthin produced good effects only with a dose (1.0 mg.) which 
is larger than that generally regarded as safe. Strophosid (0.5 mg.) was superior to strophanthin 
yet did not produce the consistent results obtained from digitalis preparations and no justification 
was found for the continued use of either strophanthin or strophosid. 

Digitalis nativelle, in a dose of 1.2 mg. orally, gave inconstant results and this dose was 
regarded as too small. No support was found for the contention that it is completely absorbed. 
Intravenously, a dose of 1.2 to 1.5 mg. gave consistently good results within two hours, which 
compared favorably with the results given by both Digoxin and lanatoside C, although the latter 
two frequently produced a more rapid effect in one hour. 

The oral digitalization dose of Digoxin is regarded as at least 2.0 mg. and probably as much as 
3.0 milligrams. Intravenously, the minimal full dose is regarded as 1.0 milligram. By this 
method, a good result was produced in most instances and a rapid effect in more than one-half. 
But it was inferior to lanatoside C in six of eight instances. Lanatoside C in a dose of 1.5 mg. 
produced a good effect in all instances. 

When a digitalis effect is required within an hour, intravenous lanatoside C (1.5 mg.) or in- 
travenous Digoxin (1.0 mg.) is recommended. When a digitalis effect is required within four 
hours, oral Digoxin (2.0 to 3.0 mg.) is recommended. 


SOLOFF. 


Dick, P.: The Relative Value of Digitaline Preparations in Heart Failure With Auricular 

Fibrillation. Brit. Heart J. 10:122 (April), 1948. 

This study was undertaken to ascertain whether there was any variation in the value of six 
commercial preparations of digitaline available in Great Britain when dispensed to patients with 
heart failure or auricular fibrillation. Thirteen patients were selected; three of these failed to 
complete the study. Two had hypertension and eight had mitral stenosis. With one exception, 
all had received powdered digitalis leaf for prolonged periods. A test period of fourteen days 
was used. The apical rate was counted for three successive half minutes. The order in which 
the preparations were given was deliberately varied. In order to check the results, a second 
series of trials on seven other patients was carrie</ out. 

One preparation was much less effective than the other five in both series. This may have 
been due to differences in the procedure for manufacture of digitaline. 

It is suggested that until a standardized procedure for the manufacture of digitaline is intro- 
duced, digitalis leaf should be used for continuous digitalization. 


SOLOFF. 


Glasser, A.: The Normal Electrocardiogram and Its Relation to the Body Build. Car- 
diologia 12:323 (Fasc. 6), 1947-1948. 
Standard electrocardiograms of 193 healthy, robust, 23- to 58-year-old men were correlated 
with data of their body builds and a comparison has been made with similar series of tracings ob- 
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tained by other authors. A point is made of the fact that only leads taken simultaneously have 
been used for measurement. A P-R interval longer than 0.20 second was present in 3 per cent 
of the cases; there was no correlation of the duration of this interval with age. The mean angles 
a of the vectors were: of P, 45.5° (—13° to +80°); of R, 50.0° (—4° to +109°); of T, 38.7° (0° to 
+81°). The manifest value of R was larger in light than in heavy individuals. The ratio of 
vector T to vector R was greater in left than in right axis deviation. 


The angle @ of R was larger in tall, slender, and light men than in small, broadchested, heavy 
men. It decreased with age irrespective of blood pressure or type of body build. There was a 
definite inverse relation of this angle to the transverse horizontal square area of the thorax and a 
definite direct relation to the height of the thorax. An increase of 1.0 cm. in the latter was accom- 
panied by an increase of 5° in the former. Age had no demonstrable influence on this angle. The 
left axis deviation type of the ventricular complexes displayed a smaller angle between the vectors 
R and T than the right axis deviation type. 


BRuMLIK. 


Polzer, K.: Rate and Rhythm in Acute Myocardial Infarction. Cardiologia 13:1 
(Fase. 4), 1948. 


Fifteen of fifty-one patients with acute myocardial infarction showed a temporary brady- 
cardia during the first twenty-four hours caused by excessive sinus bradycardia, complete A-V 
block, or nodal rhythm. The author assumed that the response was of a reflex nature. How- 
ever, most patients were under the vagal influence of large doses of morphine. The Q-T interval 
was usually prolonged over the predicted normal range. 


HEcart. 


Alvarez Mena, S.: The Normal Configuration of the Ensiform Lead (V-). Rev. espaii. 

de cardiol. 2:1, 1948. 

The configuration of 100 ensiform leads has been analyzed. When placed over the lower end 
of the xyphoid cartilage the electrode registers potential variations of the free wall of the right 
ventricle and of the adjacent interventricular septum. The pattern is similar to that obtained 
from other right ventricular regions. 


HECHT. 


Garcia, E., Arriba, O., and Lopez, F.: Diphtheria and Coronary Occlusion. Rev. espaii. 
de cardiol. 2:59 (July 31), 1948. 


During the course of severe diphtheria in a 12-year-old boy a classical episode of myocardial 
infarction occurred on the fifth day of the disease. Characteristic electrocardiograms were ob- 
tained. As no other etiological factor could be implicated, the authors assume that an acute 
infectious arteritis of the coronary arteries had resulted in intravascular thrombosis. The 
patient died following this episode, but necropsy was not performed. 


HEcut. 


Calvino, J. M.: Obliterating Thrombosis of the Right Auricle. Report of Two Cases. 
Rev. cubana de cardiol. 1:1 (Jan.), 1948. 


The author presents the cases of two patients with heart disease whose clinical findings were 
characterized by dyspnea, paroxysmal in type, and typical signs of right heart failure. At 
necropsy, a pedunculated thrombus of the right auricle was found in each case. It was clear that 
some of the attacks of dyspnea, cyanosis, and right heart failure were due to obstruction of the 
tricuspid orifice by the freely movable thrombus. 

The author reviews the literature and suggests that the diagnosis, if suspected during the 
life of the patient, may be confirmed by angiocardiography. Incomplete filling of the right 
auricle and narrowing of the valvular opening by the thrombotic mass may thus be demonstrated. 


GoLp. 
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Malinow, M. R., Moia, B., Otero, E., and Garcia A.: Circulatory Changes Produced by 
Exercising Ischemic Muscle. I. Preliminary Observations. Rev. argent. de cardiol. 
15:1 (Feb.), 1948. 


Standardized weight-lifting exercises (lifting of five-pound weights forty times per minute over 
5.0 cm. for three minutes) were performed on five normal subjects. A slight increase in heart rate 
and in mean arterial pressure was noted. The pressure changes reversed themselves regularly 
and a fall in systolic and diastolic pressures occurred on recovery. Exercising of an ischemic 
limb resulted in a slightly higher rise of arterial pressure with a lessened tendency to an over- 
swing of pressure values below the resting value. The heart rate increased as before. Atropine 
and ergonovine did not greatly alter the response obtained. The studies are preliminary to 
similar observations in patients with intermittent claudication and to studies on the pathogenesis 
of pain arising from an ischemic extremity. 


HEcHT. 


Del Zar, L. E., and Bronstein, J.: The Influence of Infiltration Anesthesia of the Pre- 
cordial Region on the Occurrence of Precordial Pain and on Electrocardiographic 
Changes in Angina Pectoris. Rev. argent. de cardiol. 15:17 (Feb.), 1948. 


Twenty or 40 mg. of 1 per cent procaine, given subcutaneously in the precordial area, pre- 
vented or attentuated the occurrence of precordial pain in seven of ten patients subjected to an 
exercise test. In eighteen patients the electrocardiographic changes on exertion were not altered 
by the procedure, even when pain was obliterated. A full explanation of the discrepancy is not 
given, but it appears unlikely that precordial procaine infiltration altered coronary blood flow, 
as has been suggested before. 


HEcnrt. 


Alzamora-Castro, V., Rubio, C. W., and Battilana, G. D.: 
Aortic Stenosis. Rev. argent. de cardiol. 15:25 (Feb.), 1948. 


The Systolic Murmur in 


Simultaneous registration of arterial pulse curves and phonocardiograms reveal that the sys- 
tolic murmur of aortic and pulmonic stenosis begins at the onset of the ejection period and fades 
toward the latter part of systole. The maximal intensity of the murmur coincides with the 
maximal ejection period. 


HECHT. 


Etala, F., and Berreta, J. A.: Anatomical-Clinical Study of a Case of Post-tachycardial 
Syndrome. Rev. argent. de cardiol. 15:133 (Feb.), 1948. 


Cossio, Gonzélez-Sabathié, Berconsky, and Vedoya, in three successive articles, have de- 
scribed a clinical picture which they called “‘post-tachycardial syndrome,” based on the following 
data: (a) relatively young subjects, usually without demonstrable cardiac lesions; (b) repeated and 
prolonged attacks of paroxysmal tachycardia, mostly ventricular; (c) reversible cardiac enlarge- 
ment; (d) electrocardiographic changes after the attack consisting of depression of the RS-T 
segment in one lead with elevation in another, inversion of the T wave, and prolongation of the 
Q-T interval; (e) gradual return of the electrocardiograph to normal within a few days; and, 
(f) at post mortem, the presence of a dilated and hypertrophied myocardium with absence of 
other lesions. 


The authors report an additional case with post-mortem study. The histologic study failed 
to reveal any typical change in the myocardium or in the coronary system. 


Even if the death in the reported case cannot be attributed with certainty to this syndrome, 
the latter cannot be considered as completely benign because it may be followed by sudden death 
or by heart failure. 
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Stein, I. D., Harpuder, K., and Byer, J.: Effect of Sympathectomy on Blood Flow 
in the Human Limb. Am. J. Physiol. 152:499 (March), 1948. 


Plethysmographic studies in a small group of patients with various peripheral vascular dis- 
eases (thromboangiitis obliterans, arteriosclerosis, Raynaud's syndrome, cold injury, and essential 
hypertension) confirmed previous observations that sympathectomy fails to increase the resting 
blood flow within muscles, but does increase the skin circulation of the denervated extremity. 
The calf was used to test predominantly muscle blood flow, while the flow in the foot represented 
primarily skin circulation. Blood flow in muscles could be effectively increased by exercise, 
tissue heating, or release of temporary arterial occlusion. These procedures are known to release 
vasodilating metabolites. It is implied that sympathectomy will be useful clinically only for 
lesions or symptoms resulting primarily from deficient skin circulation. 


HEcut. 


Eckenhoff, J. F., Hafkenschiel, J. H., Foltz, E. L., and Driver, R. L.: Influence of Hypo- 
tension on Coronary Blood Flow, Cardiac Work, and Cardiac Efficiency. Am. J. 
Physiol. 152:545 (March), 1948. 

Hypotension was produced by the subdural injection of procaine hydrochloride or by the 
intravenous injection of tetraethyl ammonium chloride in anesthetized dogs whose coronary blood 
flow was being measured by the nitrous oxide method. Cardiac work and efficiency were cal- 


culated from venous catheterization data. 


Diminished cardiac output with marked reduction in cardiac work accompanied the fall 
in blood pressure in seven of the eight experiments. Coronary blood flow declined in all instances 
(average, 25 per cent) but relatively less than cardiac work, which on the average fell 56 per cent. 
Cardiac efficiency, which is the work done divided by energy intake, declined 36 per cent. This 
would appear to indicate a decreased capacity of the heart to perform its work under these con- 
ditions, but evidence for such capacity is lacking, since the hypotension did not seem to be harmful 
to the experimental animal. The discrepancy is thought to lie in the concept of mechanical 
cardiac efficiency, the calculation of which fails to include the utilization of oxygen for factors 
other than actual mechanical work, such as the energy used for the maintenance of the cardiac 
muscle cells, or that required for isometric ventricular contraction. Cardiac efficiency, as cal- 
culated, is not a valid criterion of the heart's capacity for work under changing experimental 


conditions. 


Galdston, M., and Steele, J. M.: Arterial Pressure Waves in a Patient With Coarctation 
of the Aorta. Am. J. Physiol. 152:554 (March), 1948. 


In addition to recording the usual arterial pressure pulse waves in an upper and lower ex- 
tremity in a patient with coarctation of the aorta, the arterial tracing from a collateral artery 
connecting the arterial tree above and below the coarctation was recorded by the means of a 
Hamilton intra-arterial manometer. The pressure in the collateral vessel, the left subscapular 
artery, whose lumen measured 0.5 cm. in diameter, was 215/100. The pressure and the form of 
the pulse tracing were identical to those of the left radial artery although the collateral artery arose 
distal to the obstruction. The coarctation and the anatomical arrangement of the collateral 


circulation were confirmed by autopsy. 


HECHT. 


Lenel, R., Katz, L. N., and Rodbard,S.: Arterial Hypertension in the Chicken. Am. J. 

Physiol. 152:557 (March), 1948. 

Hypertension was consistently produced in chickens when saline solution was substituted for 
drinking water. After sixty days of saline intake the average systolic and diastolic pressures 
rose from the control average of 132/117 to an average of 182/154. Prompt fall in blood pressure 
followed withdrawal of the saline. The degree of hypertension was further increased by raising 
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of the salt concentration from 0.9 per cent to 1.2 per cent. Blood vo.me and hematocrit showed 
no significant changes. 

Dehydration with loss of weight was the usual course of the chickens on the saline regime. 
No anasarca occurred except in one bird which died after forty-three days and showed pulmonary 
edema, pericarditis with effusion, and hyperemia of the other organs. After three months and 
two separate periods of salt ingestion, all of the chickens at autopsy showed hyperplasia and pro- 
liferation of glomerular tufts and Bowman’s capsule with compression of the capillaries. 


HEchHrT. 


Campbell, W. N., Sokalchuk, A., and Penman, R.: Validity of T-1824 in Plasma Volume 

Determinations in the Human. Am. J. Physiol. 152:563 (March), 1948. 

The estimation of plasma volume by T-1824 was reinvestigated in six subjects under basal 
conditions. Two injections of the dye were made at a thirty-minute interval, and blood samples 
drawn at ten, thirty (prior to second injection), and forty minutes. Calculations of the plasma 
volume on the ten-minute samples after each injection showed an average difference of but 1 per 
cent. This suggested that the dye method gave reliable results and that, if active removal of 
the dye during the early mixing period by the reticuloendothelial system occurs in man, it does 
not invalidate the determinations. That complete mixing of the dye had occurred at ten minutes 


was shown by the close agreement between the samples drawn simultaneously from each arm. 
HECHT. 


Sussman, A. H., Hemingway, A., and Visscher, M. B.: Importance of Pressure Factors 
in the Genesis of Pulmonary Edema Following Vagotomy. Am. J. Physiol. 152:585 
(March), 1948. 

The problem of the production of pulmonary edema in guinea pigs maintained on positive 
pressure artificial respiration was reinvestigated. Previously it had been reported that fatal 
lung edema occurred in vagotomized animals, but not in those with intact vagi. The authors 
found that neither group of guinea pigs developed pulmonary edema when the insufflation pres- 
sure was 6 mm. of mercury. At a pressure of 20 mm. Hg, however, massive edema occurred in 
all animals. Thus, no evidence was found to indicate that wagotomy has any effect on the pul- 
monary vascular system favoring edema. 


HECHT. 


Surtshin, A., Rodbard, S., and Katz, L. N.: Inhibition of Epinephrine Action in Severe 
Hypoxemia. Am. J. Physiol. 152:623 (March), 1948. 


Severe hypoxemia was produced in anesthetized dogs by artificial respiration with 100 per 
cent nitrogen. The arterial pressure gradually increased for sixty to ninety seconds, but then 
fell rapidly. If the breathing of nitrogen was continued, death shortly ensued from circulatory 
failure, cardiac dilatation, and arrest in diastole. 

When normal air breathing was instituted during the phase of hypoxemic pressure fall, the 
blood pressure promptly rose to levels above the hypoxemic pressure rise. This was attributed 
to the accumulation of pressor substances which fail to act in the absence of oxygen. When 
epinephrine was injected intravenously or intracardially during the hypoxemic depression, the 
usual pressor response was absent or markedly diminished until after air breathing was reinstituted, 
at which time the adrenalin effect was superimposed upon the usual posthypoxemic pressor effect. 
Thus, the effect of epinephrine seems to depend on oxygenation of the blood. It is implied that 
the clinical use of epinephrine in cases of marked hypoxemia is of no avail unless oxygenation of 
the blood has been accomplished. 


HECHT. 


Campbell, G. S., and Harvey, R. B.: Postural Changes in Vital Capacity With Differ- 
ential Cuff Pressures at the Bases of the Extremities. Am. J. Physiol. 152:671 (March), 
1948. 

Vital capacity has been shown to decrease in changing from the standing to the recumbent 
position. The authors found a decrease of 185 c.c. in nine normal male subjects. When blood was 
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progressively pooled in all the extremities by cuffs inflated to the diastolic level, the decrease in the 
recumbent position was nullified. When the volume of blood in the extremities was kept constant 
by cuffs inflated to the systolic level, there was no change in vital capacity. 

HEcurt. 


Froment, R., and Gallavardin, L.: Sinus Arrest With Intermittent Nodal Rhythm. 
Arch. d. mal. du coeur 41:113 (March), 1948. 


Electrocardiograms of a 55-year-old man are presented which over a four-year period demon- 
strated a peculiar arrhythmia. Careful analysis of many records reveals the coexistence of a 
sinus rhythm (rate 70) and an A-V nodal rhythm. Frequently shorter and longer periods of 
intrinsic arrest of the impulse formation within the sinus node were observed which were regularly 
compensated for by the slower nodal rhythm. When the activity of the nodal center decreased, 
the sinus recommenced its activity. The sinus pauses could clearly be differentiated from ordinary 
sinoauricular block an‘ were accentuated by vagal stimulation. The patient did not reveal any 
clinical symptoms or signs of heart diszase. 


Paterson, J. C., Slinger, S. J., and Gartley, K. M.: Experimental Coronary Sclerosis. 
I. Medial Degeneration as the Primary Lesion in Coronary Sclerosis of Cockerels. 
Arch. Path. 45:306 (March), 1948. 


The authors report on the occurrence of a medial lesion which they consider to be of prime 
importance in the genesis of coronary sclerosis in chickens. They found that the incidence of 
coronary sclerosis in cockerels was the same whether or not dry cholesterol was added to their diet. 
The addition of cholesterol, however, accelerated the sclerotic process already established. They 
also found that a degenerative medial lesion preceded the intimal changes in treated and control 
cockerels. 


The majority of control birds showed spontaneous arteriosclerosis, the most important change 
being in the media. The-feature of this lesion was a hydropic degeneration with disruption of the 
elastica; a total lack of calcification séts this avian lesion aside from medial changes in other species. 
Round cell infiltration in the adjacent adventitia and some slight fibroblastic thickening in the 
overlying intima complete the picture of spontaneous coronary sclerosis as seen in these chickens. 


Cholesterol feeding did not alter the incidence of this arterial degeneration, but added signifi- 
cantly to the intimal thickening, resulting in prominent foam cell aggregations, filled with lipoid 
material. These cells infiltrated the areas of medial hydropic degeneration and also the adventitial 
thickening, obscuring all other details by the formation of a nodular foam cell mass, sharply de- 
marcated from the rest of the arterial circumference, and pouching inward into the lumen and out- 
ward beyond the normal adventitial confines. With massive foam cell infiltration, small points 
of calcification appeared. 


The authors are unable to explain the pathogenesis of spontaneous arteriosclerosis in chickens. 

It involves the coronary arteries predominantly, and is often accompanied by a focal round cell 

infiltration of the myocardium, suggesting that infection may be the basis for the combined arterio- 
myocardial disease. The lesion is admittedly different from human atherosclerosis. 

GOULEY. 


Guenther, B., and Garcia Campo, M.: New Aspects of the Problem of Pressure Reac- 
tions. Rev. argent. de cardiol. 15:53 (March-April), 1948. 


The authors suggest that evaluation of the reactivity to ‘cold pressor” tests be based on the 
ratio of rise in pressure to basal pressure. A pressure reaction of more than 20 per cent is con- 
sidered excessive. This maximal limit is compared with the pressure volume curves of the aorta 
given by Bazett and a correlation between the two is found. By applying this concept, the authors 
find that hyperreaction is as frequent in normal subjects as in hypertensive patients. 

LUISADA. 
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Post, R. S., Visscher, P. H., and Wiggers, C. J.: Sequential Changes in Oxygen Con- 
sumption During Oligemic and Normovolemic Shock and Their Meaning. Am. 
J. Physiol. 153:71 (April), 1948. 


In standardized hemorrhagic shock in dogs, reduction in oxygen consumption is not a necessary 
concomitant of the irreversible state. Oxygen consumption, however, is drastically reduced im- 
mediately after the fall in arterial pressure. This remains low despite increased pulmonary 
exchange. Reinfusion of blood after irreversible circulatory changes have taken place resulted in 
a decided increase in the oxygen uptake over the normal values (average, 61 per cent). The early 
reduction in oxygen uptake following a large volume of blood loss is most likely secondary to the 
lowered cardiac output and lowered capacity to transport oxygen. The recovery of oxygen 
uptake during the latter part of the irreversible hypotensive period can be accounted for by the 
excess Oxygen required for augmented respiratory activity. The large increase in oxygen con- 
sumption which follows a transfusion and continues even as circulatory failure redevelops is 
attributed to the combination of improvement in oxygen transport, continuance of augmented 
respiratory action, and oxidation of metabolic acids. The generally accepted hypothesis that 
irreversible circulatory changes are accompanied by reduced oxygen utilization is not conclusively 
supported by these and by other published observations. 


HEcHrT. 


Stacy, R. W., Whitehorn, W. V., and Hitchcock, F. A.: Susceptibility of Cats and Dogs 
to Progressive Anoxia. Am. J. Physiol. 153:87 (April), 1948. 


In a comparative study of the responses of cats and dogs under barbiturate anesthesia to 
anoxic anoxia, it was found that dogs were able to withstand low oxygen saturation better than 
cats. The dogs hyperventilated to a much greater degree than the cats. Denervation of the 
chemoreceptors prevented hyperventilation, obliterated any species differences, and further re- 
duced the anoxic tolerance of both cats and dogs. It would appear, therefore, that the cells 
of the medullary respiratory center are equally susceptible to anoxia. The increase in arterial 
pressure during anoxia is reversed in both species following chemoreceptor denervation. A 
theoretical expression of the relation between volume of ventilation and the inspired air is pre- 
sented. 


HEcHrT. 


Hoff, H. E., and Nahum, L. H.: Comparison of the Electrocardiographic Changes Pro- 
duced by Heating and Cooling Epicardial and Endocardial Surfaces of the Dog 
Ventricle. Am. J. Physiol. 153:176 (April), 1948. 


Studies were carried out in eighteen dogs designed to determine the changes in direction of 
the T waves in the standard and precordial leads after warming and cooling of restricted areas 
of the endocardium and the overlying epicardium of both the right and left ventricles. Both 
endocardial and epicardial leads demonstrated an increase in the amplitude of the T waves when 
either the endocardial or the epicardial regions were heated. All leads showed inversion of T 
when either surface was cooled. The authors insist that their experiments lend no support to 
the theory that differences in rate of repolarization between epicardial and endocardial myo- 
cardium are responsible for the shape of the T wave, but they concede that T-wave inversion in 
precordial leads indicates repolarization delay in regions adjacent to the exploring electrode, while 
upright T waves signal delayed repolarization of distant regions. 


HEcurt. 


Stoner, H. B., and Green, H. N.: Bodily Reactions to Trauma. The Effect of Ischaemia 


on Muscle Protein. Brit. J. Exper. Path. 29:121 (April), 1948. 


The authors were interested in studying the possible changes in muscle proteins which 
might be produced by ischemia. For this purpose they determined the amino acid content of 
the gastrocnemius and adductores muscles of the albino rat. Muscle ischemia was produced by 
means of metal clamps applied to the hind limb of the intact animal under ether narcosis. The 


3 
‘ 
( 


994 AMERICAN HEART JOURNAL 


results were compared with those obtained on autolytic muscle of rats which were sacrificed and 
allowed to remain in the same environmental conditions as the “clamped” rats. 


The results indicated that proteolysis, as judged by an increase in amino acid content, 
occurred in muscle deprived of the major part of its blood supply. The amount was much greater 
in ischemic than in autolysing muscle, the difference being considered to be related to the higher 
temperature of ischemic muscle. For the first hour after removal of the clamp, proteolysis occurred 
at an even greater rate than during the period of ischemia. It was felt that this was due to the fact 
that at this time there was a further increase in temperature in the muscle while the pH was still 
low. The second phase of protein breakdown did not commence until about three days after the 
period of ischemia and continued for the next four days. The pH conditions at this time were 
not suitable for the action of the tissue cathepsins, and the enzymes producing this proteolysis 
were probably derived from the leucocytes which infiltrate the damaged muscle. 


ABRAMSON. 


Sziberth, K.: Endangiitis Obliterans: A Contraindication to Stomach Resection. 
Wien. med. Wchnschr. 98:160 (April), 1948. 


A 37-year-old man who had been subject to increasing intermittent epigastric pains for 
five years showed diminished pulsations in peripheral arteries and radiological signs of a duodenal 
ulcer. A stomach resection was carried out. However, on the day which followed the operation 
the patient died. Autopsy revealed the cause of death to have been multiple hemorrhagic in- 
farctions of the small intestine on the basis of mesenteric endangiitis; the peripheral arteries and 
the left coronary artery showed similar changes. The symptomatology of this relatively rare 
picture, its diagnosis, and implications concerning surgical decisions are discussed. 


BRUMLIK. 


Lenegre, J., Kilaidonis P.. and de Brux, J.: Calcification of the Ascending Aorta. 


Arch. d. mal. du coeur 41:193 (May), 1948. 


Of thirty cases with calcification of the ascending portion of the aorta, twenty were known 
to have syphilis although only nine were seropositive at the time of the examination. Calcified 
syphilitic aortitis is in general better tolerated than aortitis without calcification. The rigidity 
of the aorta does not seem to play a part in left ventricular failure in aortic lesions. Calcification 
of the aorta must be considered a valuable sign of syphilitic aortitis which has become stationary 
and nonprogressive. 


HEcur. 


Hereditary Oedema (Milroy’s Disease). Brit. M. J. 


Braham, J., and Howells, G.: 
2:830 (May 1), 1948. 


The author discusses Milroy’s disease, which is characterized by edema which is usually 
present in infancy or childhood and always by adolescence. The edema usually begins in the foot 
but never extends above the inguinal ligament. At first it is of the pitting type but later it be- 
comes brawny. It affects one or both lower limbs. There is no known successful treatment 
other than possibly the Kondoleon operation; however, this disease is compatible with a long, 
nondisabling life. The familial hereditary background is necessary for diagnosis, but possibly 
there are some cases seemingly without this requirement, as this characteristic may skip a genera- 
tion. Extant material for pathological study is limited to one biopsy which showed condensation 
of the superficial dermal papillary layer with hyalinization. 


The author describes the case of a nineteen-year-old boy who complained of a nondisabling 
swelling of the right leg which began at age seventeen. One sister was similarly affected. There 
were no trophic lesions. Laboratory examinations were normal. No treatment was advised 
other than elastic bandages. 


WAGNER. 
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Kumpe, C. W., and Bean, W. B.: Aortic Stenosis: A Study of the Clinical and Path- 
ologic Aspects of 107 Proved Cases. Medicine 27:139 (May), 1948. 


The authors report the clinical and morphological aspects of 107 proved cases of aortic stenosis 
uncomplicated by deforming lesions of other valves. About three-fourths of the cases were men. 
A positive history of acute rheumatic fever was obtained in two-thirds of the cases. The cases 
were divided into two groups on the basis of symptoms and the course of the disease. Group 1 
included those whose major complaints were related directly to the heart and those in congestive 
heart failure. Group 2 included those whose major complaints were not directly related to the 
heart. Of the seventy-eight patients in Group 1, thirty-four had chronic congestive failure, 
ten had intermittent bouts of failure, and nineteen had an abrupt onset of failure shortly before 
they were admitted. The blood pressure was not characteristic. There were a number with 
systolic hypertension and others with low diastolic pressures, but relatively few with the low 
systolic and the low pulse pressure described as typical of aortic stenosis. The second aortic 
sound was usually absent or much reduced in intensity. Occasionally a second sound heard 
at the aortic area was loud and must have been transmitted from the pulmonic valve. A systolic 
murmur was heard at the base in only 83 per cent of the patients, this murmur being transmitted 
into the vessels of the neck in slightly less than one-half of those in whom it was heard. Basal 
diastolic murmurs were heard in one-third of the patients. Apical systolic murmurs were heard 
in 82 per cent of the patients and an apical diastolic murmur was heard in slightly less than 
one-third. Thrills were felt in thirty-three patients. The systolic murmurs and thrills were 
related in intensity to the degree of stenosis, but they were absent in several cases of severe valvular 
obstruction. Fluoroscopic demonstration of calcified aortic valves verified the diagnosis five 
times. The electrocardiogram was not pathognomonic. 

Cardiac pain occurred in 37 per cent of the patients before hospitalization and in 8 per 
cent while under observation. It differed from typical angina pectoris in its lack of radiation or 
its radiation to the right, its advent after, rather than during, exercise and its refractoriness to 
nitroglycerin. It was much more closely associated with severe aortic stenosis than with coronary 
arteriosclerosis. 

The hospital course was characterized by signs of congestive failure unusually refractory to 
treatment with digitalis, oxygen, or diuretics. Episodes of sweating, cyanosis, restlessness, and 
confusion occurred in twenty-eight patients. Signs and symptoms referable to the brain were 
conspicuous in thirteen patients. The authors differentiated the type of sudden death which 
ended the life of 21 per cent of their patients from instant syncopal death and unexpected death 
where the terminal stage lasts for hours. In their material sudden death occurred in a matter 
of minutes, usually between five and thirty. Ir contradistinction to those with instant death 
following myocardial infarction, a history of syncopal attacks was not common in those bedfast 
patients who died suddenly. 

The lesions of aortic stenosis were graded into three classes on the basis of severity. In 
every valve calcium was found grossly or histologically and it varied in quantity with the severity 
of the lesion. In severe lesions the coronary ostia were distorted. Fusion of cusps and nodule 
formation were common. The hearts were enlarged in the majority of cases and the heart weight 
was related to the extent of valvular obstruction. Coronary arteriosclerosis was common, and 
had given rise to thrombosis and myocardial infarction in an appreciable number of cases. The 
clinical diagnosis was made in only 24 per cent of all cases, reflecting both unfamiliarity with the 
diagnostic criteria and too great acceptance of the classic triad of basal systolic murmur, thrill, 


and small, slowly rising pulse. 
KLINE. 


McCall, M.: Dicumarol Therapy in Acute Coronary Occlusion With Myocardial In- 
farction. Am. J. M. Sc. 215:612 (June), 1948. 


Dicumarol was used as the sole anticoagulant in the management of seventy-one patients 
with myocardial infarction following acute coronary occlusion. No effort was made to compile 
statistical data on these patients. Gross hematuria occurred on three occasions and was readily 
controlled by the intravenous administration of 60 mg. of menadione bisulfite. Unexplained 
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difficulty was encountered in the maintenance of the desired prothrombin time in twenty-one 
patients. Nine deaths in the group gave a mortality of 12.7 per cent. Six were due to heart 
failure, and one each to rupture of the ventricle, pulmonary embolism, and extension of the in- 
farction. It is emphasized that a daily prothrombin determination is mandatory for successful 
therapy. The author concludes that continued use of this form of therapy is justified by the 
resultant low incidence of thromboembolic phenomena, which insures a less stormy convalescent 


period. 


DuRANT. 


Reich, C., and Eisenmenger, W.: Further Studies on the Anticoagulants. Am. J. M. 


Sc. 215:617 (June), 1948. 


This report embodies a continuation of studies on Dicumarol and heparin initiated at Lenox 
Hill Hospital in 1943. In the present series of 300 cases, the patients were divided into four main 
groups: (1) patients with postoperative cases treated prophylactically with anticoagulants 
to prevent thrombotic complications; (2) patients with active venous thrombosis; (3) patients 
with acute embolic episodes, usually pulmonary; and (4) patients with coronary thrombosis. 

There were about 200 patients in the first group, at least 50 per cent being women who had 
had pelvic operations. The treatment in this group was with Dicumarol, which was started two 
to four days postoperatively and maintained until the patient was ambulatory. The results 
were most satisfactory, and it is possible to practically guarantee the prevention of postoperative 
thromboses in patients so treated. In the third group, there were thirty patients, twenty-six 
of whom had pulmonary emboli. Combined heparin and Dicumarol therapy was used. There 
were two deaths, and one other patient had a nonfatal pulmonary embolus while on anticoagulant 
therapy. As a result of experience in this group, it is suggested that if surgery is contemplated 
while a patient is on Dicumarol therapy, 120 mg. of vitamin K be injected intravenously a few 
hours preoperatively. 

The second group included forty-five patients with thrombophlebitis, twenty of whom were 
postoperative patients who had received no preoperative anticoagulant treatment. Dicumarol 
was used without heparin in this group. In none of these patients were there any pulmonary 
emboli. When therapy is used promptly in this group the thrombosis can be restricted to just 
one segment of the vein and often the collateral circulation is sufficient to prevent lymphatic 


stasis. 
In the fourth group there were thirty patients with coronary artery disease, twenty-four of 


whom were typical examples of coronary occlusion with myocardial infarction. Of these, four 
died; two of progressive failures, one after having shown clinical and electrocardiographic evidence 
of progressive myocardial damage, and one in what seemed to be a new acute coronary episode. 
While this group is too small to present any definite conclusions, the impression is given that the 
main usefulness of anticoagulant therapy in coronary artery disease is in the prevention of em- 
bolization either from peripheral veins or cardiac mural thrombi. 

It is pointed out that there may be an increased sensitivity to Dicumarol in cases of congestive 


failure, possibly because of the decreased renal blood flow with retention of Dicumarol. 
DURANT. 


Starr, I., and Mayock, R. L.: On the Significance of Abnormal Forms of the Ballisto- 
cardiogram. A Study of 234 Cases With 40 Necropsies. Am. J. M. Sc. 215:631 
(June), 1948. 


The various types of abnormalities of ballistic form are described. The form may vary 
from beat to beat, or it may vary with respiration so that in many cases no one type of complex 
predominates. In other cases one type of abnormality does predominate, but there is usually 
some beat-to-beat variation. 

Abnormalities of ballistic form were encountered most frequently in the cases in which there 
was manifold evidence of heart disease, or in conditions such as hypertension and hyperthyroidism 
in which heart disease is a frequent complication. They were found with great frequency in 
cases in which structural abnormalities of the heart were later demonstrated at necropsy. Never- 
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theless, ballistic abnormalities of form were encountered in fifty-eight cases in which no cardiac 
abnormality had been suspected and in eight cases in which the heart was essentially normal at 


necropsy. 

It is concluded that an abnormality of ballistic form indicates an important type of cardiac 
dysfunction, the manifestation of an abnormal manner of contraction. This functional abnor- 
mality is usually associated with well-known kinds of structural abnormality, but it has also been 
found quite frequently when cardiac disease was not detected by the routine clinical tests now 
in use. 


DURANT. 


Tamagna, I. G., and Poindexter, C. A.: A Comparative Evaluation of Tetraethylam- 
monium Chloride and Sodium Amytal in Patients With Hypertensive Cardiovascular 
Disease. Am. J. M. Sc. 215:651 (June), 1948. 


Tetraethyl ammonium chloride when compared with sodium amytal appears to be a safe 


and more specific agent for the preoperative evaluation of hypertensive patients. Results are 
obtained within thirty minutes, as compared to five hours with sodium amytal. The patient is 
awake throughout the test, whereas he is subjected to a day of drowsiness from sodium amytal. 
There is marked parallelism in the drop in blood pressure in both tests. 


DuRANT. 


Soloff, L. A., and Bello, C. T.: ‘“‘Capillary Fragility’? in Hypertension: The Effect 
of Antiscorbutic Therapy on Results of Tests for “Capillary Fragility.”” Am. 

J. M. Sc. 215:655 (June), 1948. 

The capillary fragility of fifty hypertensive patients previously saturated with vitamin C 
for one month was determined by the Géthlin and Rumpel-Leede tests. Only two patients had 
a positive Géthlin test, while thirty-three had a positive Rumpel-Leede test. This is in contrast 
to the studies of Griffith and Lindauer in which 18 per cent of hypertensive patients were found 
to have a positive Géthlin test. The authors believe that the administration of vitamin C in 
their series may have prevented the appearance of a positive reaction to this test in most of their 
cases, and suggest the need for a re-evaluation of this test on a large series of patients previously 
saturated with this vitamin. They also suggest that the incidence of subclinical scurvy in hyper- 
tensive patients may be higher than in the group of normal students studied by Bell, Lazarus, and 
Munro. 

The authors found that Rutin did not reverse to normal the Géthlin test of the two patients 
with abnormal reaction, nor did it reverse to normal the Rumpel-Leede test in the thirty-three 
patients with a positive reaction to this test. There did not appear to be any correlation between 


retinal hemorrhages and a positive Rumpel-Leede reaction. 
DURANT. 


Soloff, L. A., and Bello, C. T.: The Relationship of Retinal Hemorrhages in Hyper- 
tensive Patients to Cerebral Hemorrhage. A Comparison of the Retinal Picture in 
Hypertensive Individuals Who Died of Heart Failure With Those Who Suffered a 
Cerebral Hemorrhage. Am. J. M. Sc. 215:660 (June), 1948. 

Retinal hemorrhages occurred in fourteen (77 per cent) of eighteen patients with hyperten- 
sion who died of cardiac failure without cerebral hemorrhage. They occurred in five (29 per cent) 
of seventeen patients with hypertension who suffered a cerebral hemorrhage. An analysis of the 
retinal picture found in the cases studied revealed the fact that a marked degree of spasm, usually 
with Grade 2 sclerosis, is necessary for the production of retinal hemorrhages. The spasm is 
apparently of importance in producing an extra burden on the heart or kidneys and thereby 
producing failure of either or both of these organs. Apparently, if this is not correctable, the 
patient does not live long enough to suffer a cerebral hemorrhage. 

The study therefore indicates that retinal hemorrhages cannot be used as a prognostic sign 
of future cerebral hemorrhage, as they occur more frequently in those who ultimately die of cardiac 


or renal failure without a massive cerebral accident. 
DURANT. 
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Unterman, D., and DeGraff, A. C.: The Effect of Exercise on the Electrocardiogram 
(Master **Two-Step”’ Test) in the Diagnosis of Coronary Insufficiency. Am. J. M. 
Sc. 215:671 (June), 1948. 


The Master “two-step” exercise test was performed in 163 subjects, including controls, 
patients with heart disease, and patients convalescing from acute illness. The electrocardiographic 
changes following exercise were regarded as significant in 40.7 per cent of fifty-nine patients with 
coronary disease and in 48.3 per cent of thirty-one patients with the anginal syndrome. No 
serious untoward reactions to exercise were noted. The electrocardiographic response was posi- 
tive in seven of ten patients who experienced anginal manifestations during the test. A small 
number of patients with a negative “standard” test showed a positive test when the ‘“‘double 
standard” exercise was performed. 


The test provides a means of determining coronary insufficiency when other means are not 
available, although it does not do so in all cases. The practical value of the test appears to be 
limited by a high incidence of negative responses. The theoretical aspects of the test are dis- 
cussed. The possible influence of different electrocardiographic techniques and criteria, as well 
as the influence of food, digitalis, and recent acute illness, is considered. 

DURANT. 


Bailey, W. H.: Air Embolus in Pneumoperitoneum. Report of a Fatal Case. Am. 
Rev. Tuberc. 57:621 (June), 1948. 


The patient was admitted to the hospital with a diagnosis of pulmonary tuberculosis with 
endobronchial involvement. The initial pneumoperitoneum was instituted with no untoward 
results. The first refill, in which the air embolus occurred, took place twelve days later. 


After twice verifying the fact that the point of the needle was in the peritoneal cavity the 
manometer tube was connected to the needle and a fluctuation of zero plus one was obtained. 
The air, flowing freely, was permitted to enter the peritoneal cavity under gravity. When 100c.c. 
of air had been introduced, the reading was still zero plus one. The patient noticed no unusual 
reactions. Just when the 300 c.c. mark was reached, the patient stated that he felt dizzy. The 
needle was withdrawn; two seconds later the patient had a general convulsion and was given 
1.0 c.c. of adrenalin. By this time the patient had lost consciousness, but respiration and pulse 
continued. He was given 2.0 c.c. of adrenalin intravenously, followed by artificial respiration 
and oxygen, and 5.0 c.c. of Coramine intravenously. The patient expired fifteen minutes after 
the refill was started and thirteen minutes after the onset of dizziness. Autopsy and microscopic 
examination of the internal organs failed to reveal the exact route of the air. On gross section 
of the heart, numerous small air bubbles were visible on the outer superior surface of the parietal 
pericardium. When the heart cavities were opened, a large quantity of frothy blood and stringy 
clot was found in the right auricle and ventricle. No air bubbles were found in the left side. 


The author concludes that in inducing artificial pneumoperitoneum all technical details of 
injecting the air must be strictly followed. The injection should proceed very slowly at first, 
and the patient should be watched carefully. If the patient complains of any unusual sensations 
the injection should be stopped at once. 


BELLET. 


Wallis, A. D.: The Relation of the Cardiac Lesions of Rheumatoid Arthritis to Those 
of Rheumatic Fever. Ann. Rheumat. Dis. 7:97 (June), 1948. 


It is the author’s purpose to propose that in rheumatoid arthritis, cardiac lesions indistin- 
guishable from those of rheumatic fever are produced by tissue response to the union of sessile 
antibody and fresh antigen, the latter being necessarily homologous to the sessile antibody but 
presumably different from the antigen in rheumatic fever. The mechanism of production of 
cardiac lesions is the same in the two diseases, but the antigens are different. 

The Streptococcus hemolyticus is a causative factor in rheumatic fever but not in rheumatoid 
arthritis. The relation of scarlet fever and hemolytic streptococcic sore throat to acute rheumatic 
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fever and the prophylaxis of acute rheumatic fever by sulfonamides are well established. The 
extraordinary prolongation of the active stage of the joint lesions of rheumatoid arthritis, their 
tendency to symmetry, and their indifference to sulfanilamide and penicillin may be cited as 
evidence against a streptococcal etiology for this kind of arthritis. Whatever the substance even- 
tually to be found serving as antigen in rheumatoid arthritis, the evidence indicates that it is not a 
streptococcal derivative. 

In the cases reported by Baggenstoss and Rosenberg, rheumatic-type heart disease was found 
in the autopsy study of sixteen of twenty-two cases of frank rheumatoid arthritis, an incidence of 
72 per cent as compared with the over-all incidence of five per cent found at the Mayo Clinic. 
| nonly two of these sixteen cases had a history of rheumatic fever been obtainable. It was noted 
tha t cardiac damage tends to be less severe in rheumatoid arthritis than in classical rheumatic 
fever and it is suggested that this difference might result from the fact that the onset of rheumatoid 
arthritis is later than the onset of rheumatic fever. 

The concept of sensitivity reactions in rheumatoid arthritis also furnishes an explanation of the 
presence of focal collections of round cells in the peripheral nerves and skeletal muscles in this 
disease. It seems likely that these cell collections have the same origin as the cardiac lesions which 
are under discussion, namely, the result of union of fresh circulating antigen with homologous 
sessile antibody. Fresh antigen enters the circulation more frequently, over a longer period, and 
probably in smaller amounts in rheumatoid arthritis than in rheumatic fever, and also the “sensi- 
tivity lesions” are more likely to leave permanent recognizable scars in the heart than in the peri- 


pheral nerves. 
BELLET. 


Johnson, J., and Kirby, C. K.: The Surgical Treatment of the Infantile Type of Coarc- 
tation of the Aorta. Ann. Surg. 127:1119 (June), 1948. 


The authors describe the two types of coarctation of the aorta. One is the adult type, which 
is short and occurs in the region of the ligamentum arteriosum; the other is the infantile type, 
which is long (4 to 5 cm.) and occurs in the region of the isthmus of the aorta. They point out 
that the adult type is effectively treated by resection of the stenotic area and restoration of con- 
tinuity by end-to-end suture anastomosis, as described by Crafoord and Gross. However, the 
infantile type is not susceptible to an end-to-end anastomosis because of the long gap produced 
by the removal of the stenosed portion of the aorta. In three patients the authors were able 
to bridge this gap by using the left subclavian artery and carrying out an end-to-end anastomosis 
between it and the descending aorta. 

The first patient, a 13-year-old boy, was restored to normal, whereas the second patient, a 
17-year-old boy, was helped somewhat. The third patient, a 20-year-old man, died twelve 
hours after operation as a result of a rupture of the subclavian artery due to advanced arterio- 
sclerotic changes in the vessel. The authors suggest that the ideal time to operate on these patients 


would be between the ages of 12 and 14 years. 
LorD. 


Experi- 


Samson, P. C.: Battle Wounds and Injuries of the Heart and Pericardium: 
ences in Forward Hospitals. Ann. Surg. 127:1127 (June), 1948. 


Samson discusses the problems associated with the management in forward hospitals of 
cardiac injuries occurring during warfare. There were three chief types of injuries: contusion 
of the ventricular wall, laceration of the ventricle or auricle, and retained foreign bodies either in 
the muscle of the heart or within the chamber of the heart. Pericardial injuries consisted of 
foreign bodies, hemopericardium, and lacerations of the pericardium. 

The author emphasizes many diagnostic features of cardiac injury; he points out that the 
most significant was the clinical picture of cardiac dysfunction (persistent dyspnea, tachycardia, 
arrhythmia, etc.), which was out of proportion to the patient’s obvious injuries. 

Samson states that contusions of the heart are nonsurgical and should be managed like 
coronary occlusion, in that surgical procedures for other injuries should be delayed if possible for 
at least forty-eight hours. Early operation on patients with a contusion of the heart usually ended 
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fatally. Lacerations of the heart should be sutured if the patient's condition warrants and the 
pericardium drained into the left pleural space. In general, foreign bodies in the pericardium, 
in the myocardium, or in the chambers of the heart should be removed, but the mortality is 
considerably less if the operation can be postponed until the patient returns to a base hospital. 
Occasionally a foreign body embolus caused injury to the myocardium so that early surgical 
intervention was necessary. 


The author discusses several points in regard to surgical technique which had proved to 
be of value in the management of cardiac injuries. 


Lorpb. 


Scott, M. R. A.: Weight and Blood Pressure. Brit. M. J. 2:1195 (June 19), 1948. 


A review of weights and blood pressures of an office staff, all men, was undertaken. This 
staff numbered 1,200 in 1938, 400 in 1943, and 600 in 1946. The group was examined in 1938- 
1939, 1943, and 1946-1947. The average age of the group varied considerably at different ex- 
aminations: in 1938 the largest number was in the twenty six- to forty-year group, while in 1946, 
the sixteen- to twenty-year group was largest. The average weight in 1938 was 155 pounds, fully 
clothed; in 1943 it fell to 151 pounds and rose to 156 pounds in 1946. 

It was found that up to the age of 40 years, men examined in 1946-1947 were on the average 
heavier than men of the same age in 1938-1939. In men from 41 to 55 years of age there was 
little difference in weight in the two periods. The men between 21 and 35 years who had been 
in the Armed Forces were on the average heavier than those who had not been. 

The average diastolic pressures of all age groups in 1946-1947 were above those of 1938-1939, 
the maximum difference being 12 mm. Hg in the group between 41 and 45 years of age. Diastolic 
pressures were highest in 1943, probably reflecting war-produced anxiety. The average systolic 
pressures of all age groups in 1946-1947 were above those of 1938-1939, the maximum difference 
being 27 mm. Hg in those between 46 and 50 years of age. The rise in blood pressure can be cor- 
related with a recent increase in neurocirculatory disorders in the staff over 50 years of age. 
WAGNER. 


Handelsman, J. C., Bing, R. J., Campbell, J. A., and Griswold, H. E.: Physiological 
Studies in Congenital Heart Disease. V. The Circulation in Patients With Iso- 
lated Septal Defects. Bull. Johns Hopkins Hosp. 82:615 (June), 1948. 


The authors report five cases with various types of septal defects and discuss the underlying 
physiologic principles relating to and the methods used in eliciting the disturbances observed in 
these conditions. The Fick principle was applied to determine the blood flow through various 
parts of the circulation. The following formulas were used: 


Systemic blood flow (ml. per minute) |= O» uptake (ml. per minute) X 100 
O: content of peripheral arterial 
blood (volumes per cent) — 
Oz content right auricular blood 
(volumes per cent) 


Pulmonary artery flow (m!. per minute) = O» uptake (ml. per minute) x 100 
O. content of pulmonary vein blood 
(volumes per cent) — 
O: content pulmonary arterial blood 
(volumes per cent) 


Shunt (ml. per minute) right-to-left = systemic flow — pulmonary artery 
flow 


Shunt (ml. per minute) left-to-right = pulmonary artery flow — systemic 
flow 
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The calculation of systemic flow was complicated by reciprocal admixture through an auricular 
septal defect. This necessitated the use of the oxygen content of blood from the superior vena 
cava as representative of mixed venous blood. This may provide an error in the results, since 
it has been shown that true mixture of venous blood does not occur before the outflow tract of the 
right ventricle. 


As part of the physiological studies conducted in this group, three of the patients performed 
the standard exercise test. In all, there was a rise in the oxygen consumed per liter of ventilation. 
This finding is in contrast to the results obtained in the study of patients with the tetralogy of 
Fallot. In these latter there was generally a fall in the ratio of oxygen consumed per liter of 
ventilation during exercise. Conversely, in the present group under study, as in normal individuals 
and in patients with Eisenmenger complex, the rise in oxygen consumed per liter of ventilation 
during exercise demonstrated that the effective pulmonic blood flow can increase significantly 
with exercise. 


Three patients had shunts from left to right and two had right- to left-shunts. In these two 
latter patients cyanosis was marked and the oxygen saturation of the peripheral arterial blood 
was low. 


Pulmonary factors concerned with oxygen transfer in the lung are apparently not involved 
in this decrease in the saturation of peripheral arterial blood. In sixteen patients in whom 
it was possible to catheterize the pulmonary vein, the blood returning to the heart from the 
lungs was fully saturated. The finding, in two of these cases, that the shunt was predominantly 
directed to the left, implies an increase in the resistance of the pulmonary vascular tree. Evidence 
of increased resistance in the pulmonary vascular circuit is furnished by four findings: (1) 
intracardiac shunting of blood from right to left; (2) the presence of pulmonary arterial hyper- 
tension; (3) the marked loss of pressure head in the pulmonary circulation which became apparent 
when resistance in the pulmonary circuit was calculated; and (4) the changes in the ratio, velocity 
energy/total work, of the two ventricles. 


In the light of the observation that normally pulmonary resistance is low, the assumption 
may be ventured that the increase in pulmonary resistance results from changes in the pulmonary 
vascular tree in the form of widespread sclerotic changes affecting the smaller blood vessels possibly 
in combination with thrombi. However, it is impossible to state at this time whether or not such 
changes are a result of increased pulmonary artery flow or develop as a result of other factors; 
in some cases rises in left intra-auricular pressure may be the cause for the increased pulmonary 
resistance. 


Loewe, L., Hirsch, E., Grayzel, D. M., and Kashdan, F.: Experimental Study of the 
Comparative Action of Heparin and Dicumarol on the In Vivo Clot. J. Lab. & Clin. 
Med. 33:721 (June), 1948. 


Clotting was induced in the jugular veins of adult rabbits. Nine to fourteen days after the 
induction of thrombosis, heparin and Dicumarol were administered to alternate animals. Suffi- 
cient amounts of anticoagulant were given to maintain either the coagulation time or the pro- 
thrombin time well above clinically accepted limits. The anticoagulants were administered for 
two weeks. 


The authors found that in the presence of heparin all clots underwent resolution if they were 
in the sludge stage. Dicumarol did not produce this response because of the time lag between the 
administration of the drug and the effective prolongation of the prothrombin time. However, 
beyond this initial stage, both anticoagulants effectively caused resumption of clinical patency 
in a considerable number of veins which were occluded by clots for four days or longer, even up 
to two weeks. This effect is at variance with the commonly accepted knowledge of thrombus 
behavior. The degree of recanalization appears to be greater with heparin. On the basis of this 
comparative study it would appear that heparin is superior to Dicumarol as an anticoagulant agent. 


KLINE. 
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Horlick, L., and Katz, L. N.: The Effect of Diethylstilbestrol on Blood Lipids and the 
Development of Atherosclerosis in Chickens on a Normal and Low Fat Diet. J. Lab. 


& Clin. Med. 33:733 (June), 1948. 


The implantation of stilbestrol pellets in young chickens resulted in a marked hyperlipemia 
and hypercholesterolemia while on a normal diet and on a specially prepared low fat diet. After 
stilbestrol implantation, chickens on the normal diet developed a somewhat higher cholesterolemia 
than did the chickens on the low fat diet. Atherosclerosis of the induced type was observed in 
a high proportion of the stilbestrol-treated chickens in both the group receiving the normal diet 
and the group receiving the low fat diet. Spontaneous‘atherosclerosis occurred in 40 per cent 
of the chickens used as normal controls, but it occurred in none of the control group which was 
placed on a low fat diet. The authors state that stilbestrol probably acts to produce athero- 
sclerosis through its cholesterolemic effect. —— 


Slaughter, O. L., Brown, H. S., and Wakim, K. G.: Effects of Tetraethylammonium 
Chloride on Blood Flow in the Extremities of Man. J. Lab. & Clin. Med. 33:743 
(June), 1948. 

The purpose of this study was to determine the effect of tetraethylammonium chloride on 
the blood flow in the upper and lower extremities of healthy human subjects exposed to rela- 
tively warm environment (temperature ranging between 80° and 85° F.) and to establish a basis for 
comparison with subsequent studies on various abnormalities of the vascular system in patients. 

Tetraethylammonium chloride was given intravenously to seven healthy adults. The 
effects of the drug were studied plethysmographically by the use of the compensating 
spirometer recorder. In the presence of vasodilatation due to a relatively warm environment of 
80° to 85° F., tetraethylammonium chloride produced an average increase in blood flow of 100 
per cent in the forearms and 135 per cent in the legs. In addition to the increase in blood flow, 
disturbances of vision with impairment of accommodation, metallic taste and dryness of the 


mouth, and increase in heart rate occurred after injection of tetraethylammonium chloride. 
KLINE. 


Fastier, F. N., and Smirk, F. H.: Some Properties of Amarin, With Special Reference 
to Its Use in Conjunction With Adrenaline for the Production of Idio-ventricular 
Rhythms. J. Physiol. 107:318 (June), 1948. 


The circulatory effects of Amarin, a cyclic amidine derivative, were studied in dogs by a number 
of mechanical devices, including motion pictures, electrograms, myocardiographs, oscillography, 
etc., and by direct observation. This compound causes a profound bradycardia with lengthen- 
ing of the P-R and QRS-T durations, occasionally to three times the normal, by a nonvagal effect. 
In larger doses the heart beat may originate from the A-V node or from a ventricular focus. 
Various types and degrees of heart block were noted, as were such abnormalities as the independent 
contraction of the auricles, the driving of the auricles by the ventricles, electrical alternation, 
and changes in S-T segment and T waves. Small doses exert a pressor action by peripheral vaso- 
constriction. Larger doses may produce circulatory collapse with cardiac dilatation and arrest. 


After Amarin the pressor responses to small doses of epinephrine are greatly increased in the 
anesthetized animal. Ventricular flutter could be readily produced by moderate doses of epi- 
nephrine. When this was observed directly, a series of peristalsis-like waves succeeded each other 
over approximately the same course on the ventricular surface; two or three waves could be seen 
at one time and these did not originate from any single point. It would seem that the refractory 
period was shortened, and flutter would develop after a new excitatory wave began before the 
preceding ventricular wave had ended. Just before flutter develops, one may see an R wave 
superimposed on a T wave. This is probably an extreme instance of an increase in duration of 
ventricular systole relative to that of diastole. 


Under Amarin, ventricular fibrillation appeared as many small wavelets running in different 
directions. Many regions of the ventricles showed regular cycles of mechanical movement which 
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were not necessarily repeated in the same direction, nor were they of equal strength. Thus, 


ventricular fibrillation, under these conditions, did not appear to depend on any simple system 
of circus rhythms. Flutter induced by Amarin and epinephrine was probably due to multiple 
circus rhythms, 


WAIFE. 


Konzett, H., and Verney, E. B.: Observations on the Urine, Blood and Arterial Pressure 
of Dogs Before and After the Production of Renal Ischemia. J. Physiol. 107:336 
(June), 1948. 


These investigators were unable to confirm the report of Lockett (J. Physiol. 105:126, 1946) 


that a new base, termed x, was present in the urine of dogs after the production of renal ischemia. 
Lockett claimed that this base is absent in normal animals, that it appears in the urine within 
ten minutes following renal artery compression, that it is excreted mainly by the normal renal 
cortex, and that a clear relation exists between the presence of this substance and hypertension. 
On the contrary, these authors found that a color test for the x substance was positive in normal 
urine, and no increase was noted after renal artery obstruction. Piperidine in the dog’s urine 
gives the same color reaction as the postulated x substance. 


WAIFE. 


Ogilvie, T. A., Penfold, J. B., and Clendon, D. R. T.: Gangrene Following Intra-arterial 
Injection of Myanesin. Lancet 254:947 (June 19), 1948. 


A 67-year-old woman was admitted to the hospital with a provisional diagnosis of neoplasm 
of the stomach. Laparotomy revealed a gall bladder with thickened walls surrounded by many 
adhesions and cholecystectomy was performed. During the operation 10 ml. of 10 per cent 
Myanesin was injected into the median basilic vein to obtain muscular relaxation. The same day 
the right forearm and hand were much discolored, deeply cyanosed, and of marble coldness; 
but a good radial pulse was easily palpable at the wrist. A brachial plexus block was performed 
with procaine, but the circulation did not improve. Next day the hand and forearm were still 
blue, cold, and functionless, although there was a good radial pulse. A cervical sympathetic 
block was done, but though the fingers may have been slightly warmer for a short time, after this 
procedure they were still deeply cyanosed. 


Two days later the arm was blue, cyanosed, and cold from the finger tips to the elbow, the 
nails being almost black. The brachial artery was exposed opposite the elbow joint; the wound 
bled freely above the elbow, but did not bleed below the joint level, and the superficial veins were 
collapsed. No thrombosis was present in the brachial, radial, or ulnar artery. The gangrene 
of the hand and forearm progressed, but the patient’s general condition gave no cause for anxiety. 
The arm was amputated three inches above the elbow joint. The upper end of the brachial artery 
showed unorganized ante-mortem thrombus attached to the intima. 


Subsequent experimental studies revealed that the curdling observed was not due to the effect 
of Myanesin on the blood, plasma, serum, or heparin, but that there was an alteration in the phys- 
ical state of the Myanesin with its subsequent precipitation from solution by some constituent or 
constituents of the blood. It is possible, therefore, that the gangrene in this case can be explained 
by the profound change which takes place when blood and Myanesin are mixed. 


It is possible that, in spite of adequate skill and care in making the injection, some of the solu- 


tion was injected into the brachial artery instead of into the median basilic vein. 
BELLET. 
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American Heart Association, Inc. 


1775 Broapway, New York 19, N. Y. 
Telephone Plaza 7-2045 


TRAINING SCHOOL FOR CARDIOVASCULAR INVESTIGATORS 


A twelve months’ training course in the disciplines of cardiovascular research for a limited 
number of qualified individuals will be offered with the support both of the American Heart 
Association and the National Heart Institute, United States Public Health Service. If the 
enrollment warrants, the course will begin July 1, 1949; otherwise, Sept. 1, 1949. For details 
write: Dr. C. J. Wiggers, Director of the Department of Physiology, School of Medicine, Western 
Reserve University, Cleveland, Ohio. 

Purpose.—To accelerate the development of available qualified personnel for prosecution 
of research in cardiovascular problems. 

Scope.—A year’s planned training consisting of: 

1. Formalized technical training in various research methods employed in cardiovascular 
studies on human subjects and animals (eight weeks). 

2. Experimentation apprenticeship. Assistance of qualified investigators in basic animal 
research. Associate Professors Opdyke and Selkurt. Assistant Professors Alexander and Brecher 
will head such research groups (eighteen weeks). 

3. Independent research. Supervised experience in selection and attack of a problem in 
basic cardiovascular research, assessment of previous work, planning of experimental approach, 
critical evaluation of experimental data, etc. (sixteen weeks). 

4. Preparation of manuscript. Supervised experience in writing a paper (six weeks). 


JOINT PROJECTS 


The Board of Directors of the American Heart Association has approved a budget of $21,500 
for a joint project to be undertaken by the National Heart Institute and the American Heart 
Association in the field of education. The project calls for professional and public educational 
materials and programs currently available and in use by medical schools, medical societies, re- 
search organizations, health departments, and voluntary health agencies. The study will ex- 
amine the further needs of these groups and will analyze the extent to which these materials 
satisfy existing needs. Materials which are found to be worth while will receive more intensive 
promotion to encourage wider distribution and use. 

It was recommended that the American Heart Association and the National Heart Institute 
collaborate with industry and labor in exploring the possibilities for an industrial program. The 
study will determine the opportunities for such a program, its objectives, and the methods of 
approach to be adopted. 


The Board of Directors also approved a grant of $7,500 for a heart disease education program 
for registered pharmacists to be undertaken in collaboration with the American Pharmaceutical 
Association and the National Heart Institute. The project is identical with that now being carried 
out in regard to cancer under a special grant from the National Cancer Institute. The new 
activity will begin at the conclusion of the cancer project and will place total emphasis on heart 
disease during the ensuing year. 

The project envisions a series of bimonthly mailings to approximately 15,000 pharmacists 
in the United States, thus supplying educational material on the early symptoms of heart disease 


and on heart disease control. 
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Through this educational activity, the pharmacist will receive essential information con- 
cerning the heart diseases. As adviser to persons who see him before consulting their physicians, 
he will have better information whenever inquiries from the public reveal possible symptoms of 
heart disease. This will facilitate early referral of patients. 

The bimonthly bulletins will be designed for posting in the prescription room. Each mailing 
will include a display card addressed to laymen. The cards will be informational in character 
and carry a “‘see your doctor” message to approximately 3,000,000 people who visit the pharma- 
cists cooperating in this project. 

The program calls for wide educational publicity in pharmaceutical journals, and for radio 
scripts and transcriptions for the use of local and state pharmaceutical associations. The Ameri- 
can Heart Association will be consulted in the planning of the project and the preparation of all 
educational materials. 


PROCEDURE FOR AFFILIATION OF LOCAL AND STATE ASSOCIATIONS 


It is recommended that local or state Associations observe the following procedure in request- 
ing affiliation with the American Heart Association: 

1. Forward a letter to the American Heart Association acknowledging that the affiliate 
intends to abide by the formula for affiliation, as outlined by the American Heart Association. 

The listing in that letter of the duly elected officers and the signing of that letter of application 
by two of those officers. 

Specific description of the area of operation also to be included in this letter. 

2. The submission of Statement of Purposes and By-Laws. 

3. Submissior of tentative budget and plan of operation for the succeeding year. 

4. Nominations for the Assembly. Notify the President or other responsible officer that 
his affiliated Heart Association is entitled to a specified number of delegates to the Annual As- 
sembly and that he is requested to make suggestions for nominations and send it out to us for 
reference to the Nominating Committee. 


PROGRAM 
TWENTY-SECOND SCIENTIFIC SESSIONS 
AMERICAN HEART ASSOCIATION 
JuNE 3, 4, 1949 


VERNON Room, HAppon HALL, ATLANTIC City, N. J. 


FIRST SESSION 


Friday, June 3, 1:30 p.m. 
Chairman: Norman E. Freeman, Chairman, Section on Circulation 
Secretary: Grace M. Roth 


1. THE EFFECTS OF DIHYDROERGOCORNINE ON THE GENERAL CIRCULATION 
OF HYPERTENSIVE AND NORMOTENSIVE SUBJECTS. Josern H. HAFKENSCHIEL, 
CuarLes W. Crumpton, JOHN H. MEYER, AND WILLIAM A, JEFFEKS, PHILADELPHIA, PA. 

2. SYMPATHETIC VENOCONSTRICTOR REFLEXES IN MAN. Jutius Litrer AND 
Rosert W. WILkins, Boston, Mass. 

3. STUDIES OF THE PULMONARY AND SYSTEMIC ARTERIAL PRESSURE IN 

CASES OF PATENT DUCTUS ARTERIOSUS WITH SPECIAL REFERENCE TO 

EFFECTS OF SURGICAL LIGATION. B. E. Tay tor, A. A. H. B. BURCHELL, 

O. T. CLacett, AND E. H. Woop, RocHEstErR, MINN. 
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GEORGE BROWN MEMORIAL LECTURE. WALTER H. SEEGERS, WAYNE UNIVERSITY 
COLLEGE OF MEDICINE, MIcH. 

5. SYNTHETIC RATIONS IN THE STUDY OF DIETARY FACTORS IN EXPERI- 
MENTAL RENAL HYPERTENSION IN THE RAT. Puitip HANDLER AND F. BERN- 
HEIM, DurHAM, N. C. 

6. ARTERIOSCLEROSIS AND PYRIDOXINE DEFICIENCY. J. F. RInewart anp 
L. D. GREENBERG, SAN FRANCISCO, CALIF. 

7. RELATIONSHIP BETWEEN PROTHROMBIN TIME AND PLASMA LEVELS OF 
DICUMAROL. Murray WEINER, SHEPARD SHAPIRO, JULIUS AXELROD, AND BERNARD 
B. Bropiz, NEw York, N. Y. 

8. EPINEPHRINE AND NOR-EPINEPHRINE IN PHEOCHROMOCYTOMA. Marcer 
GOLDENBERG AND HENRY ARANOW, JR., NEw York, N. Y. 

9. HEPATO-RENAL VASOTROPIC FACTORS IN ESSENTIAL HYPERTENSION AND 
IN ECLAMPSIA. EpuHraimM SHORR AND BENJAMIN W. ZWEIFACH, NEw York, N. Y. 

10. THE MECHANISM OF SOME ANTIDIURETIC RESPONSES AND THEIR RE- 
LATIONSHIP TO THE SODIUM RETENTION OF CONGESTIVE CARDIAC FAIL- 
URE. B. C. J. H. Sisson, A. A. Katrus, C. MONGE, AND 
E. V. NEwMAN, BALTIMORE, MD. 

11. THE EFFECT OF DIGOXIN IN LEFT VENTRICULAR FAILURE. M. IRENE 

FERRER, REJANE M. Harvey, RicHarp T. CATHCART, ANDRE COURNAND, AND DICKINSON 

W. RicHarps, Jr., New York, N. Y. 


SECOND SESSION 


Saturday, June 4, 9:00 A.M. 


Chairman: Tinsley R. Harrison, President, American Heart Association 


Secretary: John J. Sampson 


12. THE TREATMENT OF COARCTATION OF THE AORTA. Rosert E. Gross, 
Boston, Mass. 

13. COMMISSUROTOMY FOR MITRAL STENOSIS. Cuartes P. BaiLey, Rosert P. 
GLOVER, AND THOMAS J. O'NEILL, PHILADELPHIA, PA. 

14. THE NATURE AND TREATMENT OF AURICULAR FLUTTER. Myron Prinz- 
METAL, ELiot Corpay, ALviIn L. SELLERS, WALTER A. FLIEG, AND H. E. KruGer, Los 
ANGELES, CALIF. 

15. CATHETERIZATION OF THE LEFT HEART IN MAN. Henry A. ZIMMERMAN, 
Roy W. Scott, AND NorRMAN O. BECKER, CLEVELAND, OHIO. 

16. THE VECTORAL INTERPRETATION OF PRECORDIAL T-WAVE INVERSION. 
RosBert P. GRANT, ATLANTA, GA. 

17. QRS-T PATTERNS IN THE PRECORDIAL LEADS THAT MAY BE MISTAKEN 
FOR MYOCARDIAL INFARCTION. Gorpon B. Myers, Detroit, MIcuH. 

18. THE SYNDROME OF ACUTE MYOCARDIAL INFARCTION ASSOCIATED WITH 
EARLY ELECTROCARDIOGRAPHIC FINDINGS SUGGESTIVE OF PREDOMIN- 
ANTLY SUBENDOCARDIAL INJURY, WITH OBSERVATIONS ON THE “TOUCH 
EFFECT” OF THE CARDIAC CATHETER. Hans H. Hecut, LEonArD W. RITZMANN, 
AND MARGUERITE GREAVES, SALT LAKE City, UTAH. 

19. THE SUBCUTANEOUS USE OF THIOMERIN, A NEW MERCURIAL DIURETIC 
FOR TREATMENT OF CONGESTIVE HEART FAILURE. Rosert G. BATTERMAN, 

Davip UNTERMAN, AND ARTHUR C. DE Grarr, NEw York N, Y. 


Saturday, June 4, 12:00 p.m. 


Annual Business Meeting of Members 
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THIRD SESSION 


Saturday, June 4 


Panel Discussions 


Chairman: Eugene A. Stead, Jr., Chairman, Program Committee 


1:30 P.M. 


1. MANAGEMENT OF CONGESTIVE FAILURE AND IMPORTANCE OF LOW 
SODIUM DIET. 


George E. Burch, New Orleans, Chairman Samuel Proger, Boston 
William Dock, New York Ferdinand Schemm, Great Falls 
Walter Kempner, Durham James Warren, Atlanta 


2:35 P.M. 
2. CONGENITAL HEART DISEASE, 


Alfred Blalock, Baltimore, Chairman Edward Neuhauser, Boston 
Richard Bing, Baltimore Helen Taussig, Baltimore 
Louis E. Martin, Los Angeles 


3:40 P.M. 
3. ANTICOAGULANT THERAPY. 


Edgar V. Allen, Rochester, Chairman Walter H. Seegers, Detroit 
Louis N. Katz, Chicago Geza de Takats, Chicago 
I. S. Ravdin, Philadelphia Irving S. Wright, New York 


You are invited to forward a question or topic which you would like to have discussed at 
any of these panels to the American Heart Association, 1775 Broadway, New York 19, N. Y. 


Saturday, June 4, 7:00 P.M. 


ANNUAL DINNER 


VERNON Room, HApDDON HALL 


PROGRAM COMMITTEE 


Chairman: Eugene A. Stead, Jr., Durham 


Graham Asher, Kansas City Hugh Montgomery, Philadelphia 
James A. Greene, Houston Robert M. Moore, Indianapolis 
John Hepburn, Toronto Francis F. Schwentker, Baltimore 
Louis N. Katz, Chicago Roy W. Scott, Cleveland 

Robert L. King, Seattle Arthur P. Selzer, San Francisco 
William G. Leaman, Jr., Philadelphia Morse J. Shapiro, Minneapolis 
Robert Bruce Logue, Atlanta F. Janney Smith, Detroit 

Louis E. Martin, Los Angeles Harold J. Stewart, New York 


Benedict Massell, Boston 
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INTERIM CAMPAIGN REPORT 


Local affiliates and committees have reported campaign collections of approximately $2,- 
100,000, as of March 21, 1949. This figure represents incomplete returns from 157 groups. Re- 
ports from 204 groups have yet to be received. 

Of this amount, more than $100,000 was received at National Headquarters of the American 
Heart Association as the result of national radio and newspaper publicity, activity of cooperating 
service groups and fraternal organizations, and the distribution of plastic hearts and Save-a-Heart 
banks. Only a small fraction of plastic hearts and banks have been returned to National Head- 
quarters. A considerable return is expected from these sources, especially the plastic hearts which 
average more than $6.25 per heart. 

Final figures on the results of the 1949 campaign are not expected until May or June of this 
year. Complete reports from local groups will not be available for several months, and it would 
be premature to estimate the total national collection at this time. 

It is of interest that a total of more than 7,000,000 pieces of printed literature were ordered; 
over 240,000 plastic hearts and 1,260,000 Save-a-Heart banks were distributed by the end of the 
campaign period. 

A significant feature of the drive has been the rapid growth of committees in local areas. 
Enlistments of Campaign Chairmen and Co-chairmen increased from 174 on January 29 to 
743 by the end of the campaign. 
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